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The theoretical part of the thesis includes a critical 
review of the biogenesis of flavonoids and biflavonoids and 
highlights the recent advances in the analytical technique 
applied to their isolation and structure elucidation. 
The work described in the thesis consists of isolation 
and characterization of flavonoids, biflavonoids.flavonoidic 
glycosides and terpenoids from the leaves of three plants of 
two families. Economic and medicinal importance have also 
been discussed in brief. 
The list of plants, investigated for their phenolic 
constituents are as under: 
1. Garcinia nervosa Mig (Syn. G. andersoni Hook f.) 
(Guttiferae). 
2. Calophyllum tomentosu* T. Anders (Syn. C. elatum, Bedd) 
(Guttiferae). 
3. Buchanania lanzan , Spreng (Syn. B, latifolia) 
(Anacardiaceae). 
1. Biflavonoids from Garcinia nervosa Mig. (Qttt-tif erae). 
The ether soluble part of ethanolic extract of leaves 
of G. nervosa on preparative thin layer chromatography 
(silica gel, benzene : ethyl acetate, 1:1) yielded four 
biflavonoids. They were labelled as GN-1, GN-2, GN-3 and 
GN-4. The GN-1 is a new biflavonoid. All the compounds were 
-ii-
identified by i.r., u.v., elemental analysis, mass, ^H- and 
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C-n.m.r. spectroscopic studies of their parent, methyl and 
acetyl derivatives are listed below: 
GM-1: 
(i) 1-5, II-5, 1-7, II-7, 1-3', 1-4', II-4'-heptahydroxy-
[1-3, II-8]-flavanonyl flavone. 
(ii) II-3', 1-4', II-4'. 1-5, II-5, 1-7, II-7-heptahydroxy 
flavanone-[I-3, II-8]-flavone. 
gw-3: 
(iii) II-3', 1-4', II-4', 1-5, II-5, 1-7, II-7-heptahydroxy-
[1-3, II-8]-biflavanone. 
GH-4: 
(iv) 1-4', II-4', 1-5, II-5, 1-7, II-7-hexahydroxy flavanone 
- [1-3, II-83-flavone. 
2. Chemical constituents of CalophyJlum tomentosum T. Anders 
(Quttlferae). 
The leaves of C. touentosum were extracted exhaustively 
with methanol. The methanolic concentrate was successively 
•iii-
extracted with petroleum ether (60-80°C), chloroform, ethyl 
acetate and finally acetone. The petroleum ether (60-80**C) 
fraction, on being placed in refrigerator for few days, 
yielded a yellow compound which was labelled as CT-1 and the 
acetone fraction yielded the only one flavonoidic compound 
which was labelled as CT-2. The CT-1 (a new compound) and 
CT-2 were characterized by i.r., u.v., mass and ^H -n.m.r. 
spectroscopy. 
(i) 9-hydroxy-2,2,6,7-tetramethyl-2H-tl]-ben2opyran - (1-
phenylethylene-10-yl)-[3,2-b]-dihydropyran-4-one. 
CT-2 
(i i) Amentof1avone. 
3. Chenlcal constituents of Buchanania lanzan (Anacardlaceae) 
The acetone and methanol extracts of the leaves of 
B.lanzan were fractionated by column chromatography using 
different solvent ratios into five fractions, namely C^, Q2* 
C3, D and E. The fraction Cj and C2 on thin layer chromato-
graphy examination in BPF showed three bands again, which 
were labelled as BL-1, BL-2 and BL-3 and separated by 
-iv-
preparative thin layer chromatograpy (silica gel, BPF, 
36:9:5). The fraction C3 on recolumn-chromatography yielded 
a glycoside BLG-1, which on hydrolysis yielded kaempferol 
and glucose. The fraction D on recolumn-chromatography. 
yielded two glycosides BLG-2 and BLG-3, of which BLG-3 was 
new. They, on hydrolysis gave quercetin, rhamnose, and 
myricetin, galactose and rhamnose, respectively. The 
fraction E on TLC examination in EA:EMK:AcOH:H20 showed a 
mixture of two very close bands which remain inseparable but 
on leaving the ethanolic solution of the fraction in 
refrigerator for few days, a compound BLG-4 separated out. 
It yielded quercetin, glucose and rhamnose on hydrolysis. 
The dark green resinous residue of petroleum ether and 
benzene extracts gave positive Liebermann-Burchard test for 
triterpenes and was marked as fraction R. This residue was 
hydrolysed by Killiani's mixture (glacial acetic acid: cone. 
HCl:water, 7:2:11) and acetylated with pyridine and acetic 
anhydride at room temperature. The two compounds was 
obtained by fractional crystallization, marked as MIAc-1 and 
MIAc-2. The structure of compounds was confixmed by the 
esterification and deacetylation. They we labelled as MI-1 
and MI-2. All these compounds were identified by comparison 
of Rf values, m.p., m.m.p., u.v. and ^H-n.m.r. spectroscopic 
studies of their parent, acetyl, methyl and hydrolysed 
products. 
- V -
( i ) Quercetin. 
£Iiz2 
( i i ) 3 ,4 ,5- tr ihydroxy benzoic acid ( g a l l i c a c i d ) . 
( i i i ) Kaempferol. 
( i v ) Kaempferol-7-0-B -D-glucoside. 
BUL:2 
(v) Quercet in-7-0- {?C -L-rhamnoside. 
BLGza 
(v i ) Hyr±cetin-3-0-oC^-gSilactoBide-3*-O- B - rhainnoside. 
BLg-4 
( v i i ) Quercetin-3-0-glucorhamno8ide. 
MLil 
(viii) Oleanolic acid. 
(ix) Ursolic acid. 
These flavonoidic constituents are reported first time 
in this genus together with a new myricetin-3-0-OC~galacto-
side-3'-0- B -rhamnoside. 
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Tfieofeticaf 
About seventy to eighty per cent of the total Indian 
population, especially those living in villages and who can 
illafford to go in for costly modern medicines, rely on 
indigenous medicinal systems to provide relief from 
diseases. Medicinal wealth of agricultural countries like 
India is enormous due to varied climatic conditions. The 
plants form the basis of our ancient Unani and Ayurvedic 
Systems of Medicine. Despite the spectacular advances, 
synthetic drugs have experienced set-back due to acute 
toxicity and side effects and this has created a revival of 
interest in the exploration and development of natural 
products for therapeutic purposes. 
Search for therapeutic agents from natural sources has 
equipped modern medicine with a wide range of curative 
agents which despite the remarkable success in synthetic 
drugs have retained their importance. Since long the plants 
have been the subject for the search of new or better drugs, 
and new lead molecules for the drug development. 
Researchers throughout the world are carrying out 
methodical surveys of untested plants in the hope of 
isolating some natural products like digoxin and reserpine 
to cure our many ills. 
In common with the studies of natural products of all 
kinds, flavonoid chemistry has emerged from the undirected 
search of new compounds, and the establishment of their 
structures by conventional means. 
The flavonoids are important to man not only because 
they contribute to plant colour but also because many 
members are physiologically active. The importance of 
flavonoidic compounds in the tanning of leather, the 
fermentation of tea, the manufacturing of cocoa and in the 
flavour qualities of foodstuff is well established * . 
Certain flavonoids are among the earliest known natural 
dyestuffs^^. They are widely used aa antioxidants for fata 
and oils*'*'^. Among the physiological activities of 
flavonoids^^'^^ include vitamin P activity, diuretic 
action, treatment of allergy, protection against X-rays and 
other radiation injuries, cure of frost bite, antibacterial 
activity, prophylactic action, oestrogenic activity, 
antitumour effects and anticancer property . 
The flavonoids are generally polyphenolic compounds 
having Cg-C3-Cg carbon skeleton. The term 'flavonoid' 
derives from the most common group of compounds, the 
flavones, where oxygen bridge between the ortho position of 
ring A and the benzylic carbon atom adjacent to ring B forms 
a new Y-pyrone type ring. Such heterocycles, at different 
oxidation levels, are present in moat plants. The flavane 
corresponds to the lowest oxidation level of ring C, and is 
taken as the parent structure for the rational nomenclature 
of thiJs group of compounds. 
An oxygen bridge involving the central carbon atom of 
the Co-chain occurs in a rather limited number of cases, 
where the resulting heterocycle is of the benzofuran type. 
The aurones belong to this structural group. The oxygen 
bridge is absent in chalcones and dihydrochalconea. 
Principal structural groups of natural flavonoids are shown 
in Fig.-l. The oxidation levels concern the three central 
carbon atoms: C+l 0 or -2 H] = -H oxidation unit. 
Besides the carbon atom link, the flavonoids also have 
typical oxygenation pattern in their benzene rings. Ring A 
generally has three alternate oxygens at position. 2', 4' and 
6' in the open formula or, in other words ring A generally 
derives from phloroglucinol. The ring A can be occasionally 
alkylated with methyl groups, prenyl or prenyl derived units 
or with glycosides. In contrast, ring B has, in most cases, 
a para-oxygen substituent, or two oxygens, para- and meta-
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with respect to propane chain. Compounds with non-
oxygenated B ring or with one ortho-oxygen function are very 
rarely found. Compounds bearing three oxygens, one para-
and two meta- are less frequent. 
An interesting addition to the flavonoid class is 
'biflavonoids'. Biflavonoids, which are generally derived 
from two apigenin or two naringenin or naringenin-apigenin 
units, have mostly been isolated from gymnosperm. 
Depending upon the nature and the position of the linkage of 
the constituent monomeric units, all the C-C and C-O-C 
linked biflavonoids are classified into various families , 
shown in the Fig. 2a and 2b. 
Cupressuflavone Amentoflavone 
Fig.- 2a 
Agathisflavone 
Hinokiflavone 
Succedaneaflavone Ochnaflavone 
Fig.-2 b 
Biogenesis of Flavonoids 
Chemical speculations on the mode of formation of the 
carbon-skeleton of this large class of natural products 
stimulated the interest in the biosynthesis of flavonoids. 
Although the origin of the carbon atoms of flavonoid is well 
known , the actual compounds that condense to yield the 
Cj^g-skeleton and the sequence of changes which result in the 
formation of a relatively diverse group of compounds, based 
on variation in the oxidation level of the C3-portion of the 
molecules, are less well understood. 
Basically ring A is formed by head-to-tail condensation 
of three acetate units while ring B as well as C3-chain 
arise from a phenyl propanoid precursor derived from the 
shikimic acid pathway . The involvement of acetic acid and 
substituted cinnamic acid has been confirmed through studies 
with labelled compounds, notably by Grisebach and 
Geissman^^ (Fig.-3) 
3CH^C0SCoA y V 
Fig.-3 
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However, a more detailed knowledge of this reaction and 
of the chemical nature of the immediate precursors obtained 
from the enzjonic studies support the proposal that CoA ester 
of malonic acid and cinnamic acid are the substrates of an 
enzyme-mediated condensation (Fig.-4)-^'^'-^^, while no 
experimental evidence has been obtained, so far, regarding 
the possible intermediates in the formation of ring A 
from acetyl CoA, direct evidence for the reaction mechanism 
formulated in Fig.-4 has been obtained from the chemical 
degradation of the overall product formed from p-coumaroyl 
CoA and C-labelled malonyl CoA with an enzyme-preparation 
from cell suspension cultures of parsley^^. 
Co AS 
^ 
^^>H2 CoA^^H2 CoA^  
CH-
^<\/ 2 \ 
SCO A 
OH 0 
Fig.-4 
There are still more doubts about the actual structure 
of the phenylpropane unit used by the plants as a starter 
for the process of polyketide condensation and then ring A. 
Most chemists now believe that the clnnamic acids (p-
coumaric, and more rarely caffeic, ferulic and slnapic 
acids) are obligatory intermediates in the biosynthesis of 
1 6 
most flavonoids . 
It has been repeatedly demonstrated, using labelled 
chalcones ' and flavanones ' that these compounds are 
central intermediates from which most, if not all, other 
flavonoids originate. Conclusive evidence has not, so far, 
been obtained to answer the question whether chalcones or 
flavanones are the more direct precursors of the various 
21 flavonoids. There is good evidence for the in vitro'''- and 
22 iTi vivo^^ existence of an equilibrium between chalcones and 
the corresponding flavanones, the chalcone-flavanone 
interconversion is catalyzed in vivo by an enzyme, chalcone 
16 flavanone isomerase, isolated from various plant sources . 
The more important naturally occurring flavonoids are at the 
same or a higher oxidation level than flavanones, and many 
special hypotheses have been proposed to explain their 
genesis. 23-39 
10 
The formation of biflavonoids, despite the range of 
biflavonoids now known, may be explained in terms of 
oxidative coupling of two chalcone units and subsequent 
modification of Co-chain . Abstraction of an electron from 
the C-4 anion of naringeninochalcone (I) affords radical 
which may be represented by the canonical formulae R^, Rp 
and Ry-. 
t 
11 
While the abstraction of ah electron from th6 C-4' 
anion of (I) will give another radical which may be 
represented by several canonical formulae. However, the 
only canonical formulae which are important in the 
biosynthesis of most of biflavonoids are R^ . The formation 
of precursors of all naturally occurring biflavonoids can be 
explained by the appropriate pairing of these radicals. 
An alternative to the radical pairing process is the 
possibility of electrophilic attack of one of the above 
mentioned radicals upon the phloroglucinol nucleus of a 
chalcone or corresponding flavanone* (Fig.5) which would 
account for the fact that in most known naturally occurring 
biflavonoids at least one 6 - or 8 - position is involved in 
the interflavonoidic linkage. 
12 
'P 
OH 0 
( I ) 
Fig.- 5 
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S-tructural Elucidation of Flavonoids 
The structural elucidation of flavonoids has been 
discussed in detail in some recent reviews and 
monographs ' ' . However, some of the techniques 
frequently used by us and included in the discussion of this 
dissertation need mention here. 
Proton Magnetic Resonance Spectroscopy 
The application of the H-n.m.r. spectroscopy proved to 
be the most powerful tool in the structure determination of 
flavonoids. The valuable contribution in this field has 
been made by Batterham^^, Mabry^^, Maasicot^^, Clark-
Lewis'* , Kawano*° and Pelter and Rahman^^. Early work on 
the ^H-n.m.r. spectroscopy of flavonoids was hindered by 
lack of their solubility in CDCI3 and CCI4, Progress was 
made following the introduction of Me2S0-dg , but the most 
significant advance arose from the conversion of flavonoids 
into their more soluble trimethylsilyl ethers°^. 
The chemical shifts of the protons of rings A and B 
prove to be independent of each other, but are affected by 
the nature of ring C^ . The peaks arising from ring A in 
most flavonoids occur upfield from other peaks and can 
readily be recognized. 
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The most commonly occurring hydroxylation pattern in 
natural flavonoids is 5,7,4'-trisubstituted system (II) in 
which, owing to the symmetrical substitution, ring B protons 
appear as superimposed doublets (J=9 Ha) corresponding to an 
A2B2 system and ring A protons as AB doublets (J=2.5 Hz). 
In other cases, however, the interpretation is not so 
simple owing to the superimposition of signals and 
appearance of complex multiplicities of protons of an ABX or 
ABC system. 
Considerable variations are generally found for the 
chemical shifts of the ring C protons among various 
flavonoid classes* . For example, the C-3 proton in 
flavones gives a sharp singlet near S 6.3, the C-2 proton 
in isoflavones is normally observed at about o 7.7, while 
the C-2 proton in flavanones is split by C-3 protons into a 
doublet of doublet (J^is"^ ^^' *^trans~^^ ^ ^ ^  ^^^ occurs at 
about S 5.2. The signals for the two C-3 protons in 
flavanones appear as a pair of quartets (JH-3a-3b~^^ ^^^ ^^ 
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the region fc 2.7-3.0. However, they often appear a3 two 
doublets since two signals of each quartet are of low 
intensity, the C-2 proton in flavanonols appears near 6 4.9 
as a doublet (J=ll Hz) coupled with C-3 proton which comes 
at about 6 4.2 as doublet. 
Solvent induced shift has been used for assigning the 
position of methoxyls in methoxyflavones. By measuring the 
^H-n.m.r. spectra, first in CDCI3 and then in CgDg» 
Wilson «t al.,^ found that the aiao of the benzene 
induced shift (A ) of certain methoxyl signals was to some 
extent indicative of the position of the methoxy group in 
the flavone nucleus. 
A more recent innovation in this field was that of 
lanthanide induced shift . The technique is extremely 
helpful in establishing the internuclear linkage of 
biflavonoids and also for the distinction of A and B ring 
methoxy1 s igna1s. 
Mass Spectrometry 
Electron impact mass spectrometry (EI-MS) serves as a 
valuable tool in the structure determination of flavonoids, 
16 
especially when only very small quantities of the compounds 
are available. It has been applied successfully to all 
kinds of flavonoids. 
Most flavonoid aglycones yield intense peaks for the 
molecular ion (M"^). In addition, peaks for (M-H) and, 
when methoxylated, (M-CH3)''" are usually the major peaks. The 
most useful fragmentations in terms of flavonoid 
identification are those which involve cleavage of intact A-
and B-ring fragments . 
Two common fragmentation patterns of flavonoids are, an 
exception being chalcones which undergo direct fission on 
each side of carbonyl group, retro-Diels-Alder (RDA) 
cleavage, pathway I and pathway II (Chart-I). Pathway I 
(RDA) process affords two different ions designated as Aj^  " 
and B^ ', the ratio of the two being indicative of the 
charge distribution within the parent ion. In contrast, 
pathway 11 yields predominantly a single charged species, 
B2 These two fragmentation processes are competitive and 
the combined intensities of the B2 and [B2-CO] ions are 
approximately inversely proportional to those of A^ "^ " and 
Bj^  • and the series of ions derived from them (Chart-I). 
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Pathway I with 
H transfer 
a: 
+. 
Pathway II 
A-K 
^ 
+ 
C = 0 
{ A^4H ) ^ B, B. 
^ 
{ B 3 - C O ) "^  
Chart-1 
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Flavones were among the first flavonoids to be analyzed 
by mass spectrometry^"^' ^ ^. Although molecular ion, M"*"', is 
the base peak for most of the flavones, the fragment 
(M-CO)'*'' and pathway I fragments A^^' and Bj^"*"" are usually 
prominent. An ion (M-1)^ is often found in the mass spectra 
of flavones, its origin, however, is obscure. Pathway II 
fragment, 82^, though usually found, is not much intense. 
In the case of flavanones, typical fragmentation by RDA 
process yields ions which corresponds to the same A-j^  ' and 
(A+l)"*" ions, observed for flavones, (Chart-I); however, the 
55 56 B-ring ion contains an ethylene group"*'' ". 
a^irO 
B^  
Another diagnostic fragmentation, that helps in 
structure determination of flavanones, is the loss of either 
a hydrogen or an aryl radical to produce (M-l)"*" and [M-(B-
ring)] ions, 
19 
,+• 
OH OH 
(M-H)* 
OH OH 
( M- B ring) 
A moderately intense B-ring ion (III) is found in the 
case of 4'-methoxyflavones, which is formed by the fission 
of the B-ring from the molecular ion accompanied by a 
hydrogen transfer. 
^ * -
( III) 
A*. 
The presence of a hydroxyl or a methoxyl group at C-4' 
facilitates, by the enhanced resonance stabilization of the 
molecular ion, the formation of p-hydroxybenzyl or p-
methoxybenzyl cation (IV), respectively. The prominence of 
this ion may be associated with its rearrangement to a 
tropolium structure (V). 
20 
W" 
OH ^ 
R^H.CHj 
1' 
"MO OR 
(IV) 
( V ) 
Chalcones give strong ions for M * , (M-H) and (M-CH3) 
(for methoxychalcones). However, most diagnostic fragments 
result by the fission on either side of the carbonyl group. 
The relative intensities of these ions, designated as Ao 
and B3 (Chart-I) and of those derived from them, depend 
upon the substitution pattern of the chalcone *'^  . 
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It has been established, in the case of 2'hydroxy-
chalcones, that an equilibrium exists between chalcone and 
flavanone and the ions derived by fragmentation of both the 
chalcone and its corresponding flavanone are found. In some 
cases, however, the cleavage of the chalcone adjacent to the 
carbonyl group is much faster than the isomerization to 
flavanone and thus the spectrram of the chalcone 
predominates. It has been emphasized that, in most cases, it 
is difficult to determine with certainty from the mass 
spectral data whether chalcone or flavanone was originally 
present. 
Mass spectrometry has also been very useful in the 
structure elucidation of biflavonoids. Biflavonoids have 
mostly been studied as their permethylated derivatives . In 
general, two flavonoid units of a C-C linked biflavonoid 
fragment by the pathways which are well defined for the 
corresponding monoflavonoids. Some A- and B-ring fragments 
are exactly the same as those observed for the 
monoflavonoids, while others are typical A- and B-ring 
fragments except that they have an intact flavonoid unit 
attached to them. The C-O-C linked biflavonoids undergo 
fission on both the sides of the ether linkage to yield ions 
which undergo further fragmentation. Doubly charged ions are 
usually present. The mode of fragmentation of amentoflavone 
hexamethyl ether, a C-C linked biflavone, is shown in 
Chart-II. 
^ o 
m/2 180 
m/2 311 
Chart-II 
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C-n.m.r. Spectroscopy 
The •^C-n.m.r. spectroscopy has now developed as one of 
the most useful techniques in the characterization of 
natural products. It has been successfully applied in the 
field of flavonoid and the structure of mono- and 
biflavonoids have been elucidated with the help of 
•to C O 
C-n.m.r. spectroscopy . 
In the ^^ C-n.m.r. spectra of flavonoids the signals for 
the carbonyl carbon and oxygenated aromatic carbons resonate 
at lowest field, whereas those at highest field will 
13 represent non-oxygenated aliphatic carbons. C-resonances 
for the o/p-oxygenated aromatic carbons appear in the range 
155-165 ppm while those for meta-oxygenated carbons appear 
in the region 130-150 ppm. Signals for the non-oxygenated 
aromatic carbons appear in the region 125-135 ppm (no o/p-
oxygenation), and 90-125 ppm (with o/p-oxygenation). Signals 
for aromatic methoxyl and acetyl carbons resonate in the 
range 55-60 and 20 ppm, respectively. 
13 There are marked changes in the C-n.m.r. of 
flavonoids on acetylation of free phenolic hydroxy1 groups 
and can be used to locate the hydroxyl function on the 
aromatic rings. The signals of the hydroxylated carbon moves 
upfield by 6.6-15.6 ppm on acetylation, the ortho- and para-
24 
carbon signals are shifted downfield by 7.1-12.7 and 2.0-7.9 
ppm, respectively, while the meta-carbon signals are 
slightly affected (+0.9 to -4.3 ppm). The effect of 
methylation of free phenolic hydroxyls is generally smaller, 
opposite and rather variable. The signal of the hydroxylated 
carbon shifts downfield by 1.0-4.7 ppm and the signal of the 
ortho-carbon upfield by 0.8-3.6 ppm. 
^C-n.m.r. spectroscopy is not generally the method of 
choice for distinguishing various classes of flavonoids, it 
may be of use in some particular cases. The different types 
of aglycones are not distinguishable on the basis of the 
aromatic carbon resonances alone, but chemical shifts for 
the central three carbons are often quite distinctive 
(Table-1). 
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Table-1: Carbon-13 resonances for ring C in flavonoid . 
C-2 C-3 C=0 
Chalcones 136.2-145.4** 116.6-128.1** 188.6-194.6 
Flavanones 75.0- 80.3 42,8- 44.6 189.5-195.5 
Flavones 160.5-165.0 103.0-111.8 176.3-184.0 
Flavonols 145.0-150.0 136.0-139.0 172.0-177.0 
Isoflavories 149.8-155.4 122.3-125.9 174.5-181.0 
Aurones 146.1-147.7 111.6-111.9 182.5-182.7 
(=CH-) 
*Dat,a for CDCI3 or CDCl3/DMS0-dg solutions except for 
flavonols. 
For chalcones, C-2 and C-3 represents the C-R and C-oC , 
respectively. 
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Ultraviolet Spectroscopy 
The use of u.v. spectroscopy in the structure 
determination of flavonoid has extensively been studied by 
L. Jurd^^ and T.J. Mabry*^. It is extremely helpful in 
differentiating various classes of flavonoids as well as in 
the location of hydroxyls in the flavonoid nucleus. In 
general, a flavonoid exhibits two bands in the region 300-
380 nm (Band I) and 240-270 nm (Band II). The position and 
intensities of these bands can be utilized in determining 
the structure of an unknown flavonoid. Band I is associated 
chiefly with the absorption in the ring B as well as C3-
portion of the molecule, while band II with the absorption 
of the benzoyl moiety. 
The u.v. spectra of flavones and flavonois in methanol 
exhibit band I at 300-400 nm and band II at 240-280 nm and 
can easily be differentiated from other flavonoid groups. 
Flavanones, flavanonols and isoflavonea, though absorb in 
the range quite different from others, can not be 
differentiated from each other with the help of u.v. 
spectra. The methanol spectra of flavanones, flavanonols and 
isoflavones display a short band in the region at 300-380 nm 
and a strong band II at 245-295 nm. The u.v. spectra of 
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chalcones and aurones are very similar to each other but 
quite different from others. Band I in the u.v. spectra of 
chalcones appears as the strong band in the region 340-390 
nm and band II at 220-270 nm. The two bands in the u.v, 
spectra of aurones appear in the region 370-430 (Band I) and 
220-270 nm (Band II). 
The relative shift of the two absorption maxima in 
presence of various shift reagents in methanol is found very 
useful in locating the hydroxy1 functions in the flavonoid 
molecule. The presence of ortho-dihydroxyl function in the 
flavonoid can be detected by observing the shifts in the two 
bands in the presence of sodium acetate-boric acid and also 
by the comparison of the u.v. spectra in methanol in the 
presence of AICI3 and AICI3-HCI. The confirmation of a 
hydroxyl function at C-7 of various flavonoids (C-2' of a 
chalcone) can be made by the relative shift in the band II 
in the presence of AICI3-HCI. The presence of a hydroxyl at 
C-7 portion (C-4' of a chalcone) of various flavonoids can 
be made with help of sodium acetate. The sodium acetate 
shift also helps in locating the C-4' hydroxyl (C-4 of 
chalcone) in various flavonoids. The shift in the band I in 
the u.v. spectra of various flavonoids in the presence of 
sodium methoxide is fruitful in determining the hydroxyl at 
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C-4' (C-4 of chalcone). In some cases, however, the sodium 
methoxide shift can be used in determining the presence of 
3',4'-hydroxyIs in the nucleus. 
The u.v. spectra of the biflavonoids are very similar 
to those of the monoflavonoids with the only difference in 
the molecular extinction coefficient ( €: ) of biflavones 
which is approximately double as compared to the 
corresponding monoflavonoid unit. This demonstrates the 
presence of two isolated chromophores of flavonoids per 
molecule of a biflavonoid. 
Dt8CU88i0n 
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Biflavonoids from Garcinia uervosa Mig. (Guttiferae) 
The Garcinia germs (family Guttiferae) consists of 180 
species, mostly evergreen trees and occasionally shrubs 
distributed in tropical Asia, Africa and Polynesia. Ten 
major and twenty closely allied species are reported to 
occur in India ^ . 
Garcinia species have long been used in East and South 
East Asia and Africa in the treatment of dysentery, diarrhea 
and wounds . A preparation of G. xanthochymus Hook, f. is 
reported to be used in the treatment of bilions conditions, 
diarrhea and dysentery. The gum resin of G. hanburyi Hook, 
f. is a drastic purgative, an emetic «md vermifuge to treat 
tapeworm which, in too large doses, can be fatal. 
The genus has been the subject of a considerable amount 
of phytochemical investigation which has revealed it to be a 
go go 
major source of prenylated xanthones , benzophenones"'' and 
of biflavonoids^^ linked between C-3 and C-8. Of these, 3/8" 
linked biflavanones, isolated from G. kola, have, been 
reported to possess significant antihepatotoxic properties 
as evidenced by liver protection of laboratory animals 
challenged with phalloidin, a known liver toxin. 
The biflavonoids, isolated from almost all the species 
of genus Garcinia worked out so far, comprise of either two 
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flavanone or a flavanone and flavone units. There is no 
report on the isolation of a 3/8" linked flavone-flavone 
biflavonoid from plants. The 'GB' biflavanones, so called 
because they are major constituents of the heartwood of 
G, biichananii Baker, were first isolated in 1967 by Jackson 
et al.^^ Five members of 3/8" flavanone-flavone family have 
been isolated from this genus so far. Morelloflavone, the 
first to be discovered, was isolated from the heartwood of 
R7 G. morella by Venkataraman et al. in 1967 . 
The work on the isolation of flavonoids from plants has 
been brilliantly reviewed by Harbone and Mabry first in 
1975° and recently in 1982 . It is not, therefore, our aim 
to review the work done on the genus Gsrcinza but an attempt 
is made to describe the hydroxylation pattern found in 
naturally occurring 3/8"-linked biflavonoids. The 
hydroxylation pattern found in the 3/8" linked biflavonoids 
is typical of monoflavonoids. The ring A possess three 
alternate oxygens or is derived from phloroglucinol. The 
ring B generally has a para-hydroxyl function or 3,4-
dihydroxyl grouping. The hydroxy1 group is often present at 
C-3. Figure-6 shows various hydroxylation patterns found in 
3/8"-biflavonoids. 
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°VKQ-OH 
1. GB- l a64 , 6 5 , 68-76 
2 G B - 1 ^ ^ ' ^^' 6 8 - 7 1 , 7 3 , 75-78 
3 . GB-2a^5'^ '^"^®' '^^' '^^' '^^ 
4 GB-2^^ '^^ '^^ ' ' ' ' ' ^ ' ' ^^ ' ' ' ' ^" '*"^ 
5. Manniflavanone 73 
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Fig. 6 
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G. nerwosa Mig. (Syn. G. andersoni Hook, f.) i3 found 
in Eastern Peninsula, Malacca and Nigeria. The leaves of 
the plant are very large 1-2 ft oblong, thickly coriaceous, 
subacute rounded or cordate at the base leaving numerous 
strong nerves 84 
The work on the stem bark of this plant has recently 
been reported and a new xanthone named nervosaxanthone (VI) 
85 has been isolated 
part of the plant. 
No biflavonoid was obtained from this 
( VI ) 
The leaves of G. Ticrtfosa were collected from Zaria, 
Nigeria and the present discussion deals with the isolation 
and structure elucidation of biflavonoids from the ether 
soluble part of ethanolic extract of leaves of G, nervosa . 
Four biflavonoids have been isolated and characterized by 
the use of chemical and spectroscopic methods such as i.r., 
1 13 
u.v., ^H-n.m.r., C-n.m.r. and mass spectrometry. 
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The column chromatography of the ether soluble part 
was performed over silica gel and the column was eluted 
successively with petrol, petrol:benzene mixtures, benzene, 
benzene:ethyl acetate mixtures and finally with ethyl 
acetate. The column chromatography did not prove fruitful as 
no compound could be obtained in pure form. Instead, the 
complex mixture was resolved into mixture of two and three 
compounds. Preparative-TLC was, then, performed using 
benzene:pyridine:formic acid (36:9:5, 40:10:2, 100:20:7), 
toulene:ethyl formate:formic acid (5:4:1), chloroform:MeOH 
(19:1, 17:3), benzene:ethyl acetate (1:1) as the developers. 
The results with the BPF were not encouraging and though 
the result of the TEF system were better, this was avoided 
as the compounds were sensitive to the system. Four 
compounds were obtained in pure form from benzene:ethyl-
acetate (1:1) system. These are coded as GN-1, GN-2, GN-3 
and GN-4. GN-1 was found to be a new 3/8"-linked 
biflavonoid while others have been isolated previously from 
other sources. 
GN-1 
GN-1 was crystallized from methanol-benzene as yellow 
crystals, m.p.232-234°C. It gave pink colour with Zn-HCl 
and Mg-HCl, suggesting it to be a flavonoid. It gave 
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positive FeCl3 test indicating the presence of phenolic 
hydroxylic group/s. The infra-red spectrum of the compound 
showed absorptions at 3300 cm"^ (OH), 1640 cm~^ (5-
hydroxyflavanone) and 1610 cm" {5-hydroxyflavone). The 
compound was methylated with dimethyl sulphate -potassium 
carbonate in acetone to give GNMe-1, m.p. 123-125°C. The 
i.r. spectrum of GNMe-1 possessed bands at 1645 and 
1675 cm" . Such spectral changes on methylation are 
reminiscent of the behaviour of flavanone and flavone 
systems, respectively, bearing hydroxy group at C-5^^^°'. 
The compound GN-1 was acetylated with acetic anhydride-
pyridine to give GNAc-1, m.p. 145-149*^ C. The i.r. spectrum 
of GNAc-1 displayed bands at 1770 {CH3-C-) and 1645 cm ^  
(br). 
The ultra-violet spectrum of GN-1 showed absorption 
maxima in the region 255 sh, 265 and 320 nm. The shifts of 
the absorption maxima in the presence of NaOMe, AICI3, 
NaOAc, NaOAc-H3B03 and AICI3-HCI were also studied but did 
not prove helpful as the bands of the two units were 
superimposed. The structure was elucidated with the help of 
1 13 
^H-n.m,r., "^^ C-n.m.r. spectroscopy and mass spectrometry. 
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1 T 
The decoupled ^ C-n.m.r. spectral data of GN-1 
displayed thirty signals confirming it to be a biflavonoid. 
^^C-n.m.r. spectrum (Fig.7) displayed in the lowest field, 
two signals at 8 196.0443 and 181.5555 which confirmed the 
presence of a flavanone and a flavone unit in the molecule. 
The possibility of a chalcone unit was ruled out in view of 
the other spectral data. Ten signals in the region 
6 145.5789-166.4430 were assignable to oxygenated aromatic 
carbons. The signals for the non-oxygenated aromatic carbons 
were seen in the range S 95.2061-128.3528 as fourteen 
singlets. Two signals at & 80.8783 and 48.2935 were 
attributed to C-2 and C-3, respectively of the flavanone 
13 
unit. The assignment of the "^ C-n.m.r. data was made by 
comparison with the C-n.m.r. data of monoflavonoids and 
is shown in Table-2. 
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13, 
TABLK-2 
C-n.m.r. chemical shifts (ppm) for flavanone and flavone 
Flavanone Flavone 
C-4 
C-7 
C-5 
C-9 
C-4' 
C-3' 
C-1' 
C-6' 
C-5' 
C-2' 
C-10 
C-6 
C-8 
C-2 
C-3 
196.0443 
166.4430 
163.7341 
162.7835 
145.6122 
145.5789 
128.3528 
119.1760 
116.0779 
113.2590 
103.1420 
96.1393 
95.2061 
80.8783 
48.2935 
181.5555 
163.4713 
160.4599 
155.2040 
157.2827 
114.3888 
121.0819 
128.3163 
114.3888 
128.1014 
102.2117 
98.5595 
100.4886 
161.5706 
101.4628 
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The ^H-n.m.r. spectrum (Fig.8) of GN-1 in DMSO-dg 
confirmed the absence of methoxyl group. It can be said, 
therefore, in view of the C-n.m.r. data that only hydroxy! 
groups are present in the molecule. The presence of seven 
hydroxy1 group was confirmed by the seven singlets, each for 
one proton, in tVie lowest field of the H-n.m. r. spectrum at 
& 9.27, 9.50, 9.83, 10.79, 11.18, 12.20 and 13.20. A pair 
of doublets (J=12 Hz) at £ 5.84 and 4.83 were assignable 
to H-I-2 and H-I-3 protons, respectively of the flavanone 
unit. The downfield shift of the C-3 proton relative to the 
chemical shift in flavanone suggested the involvement of C-3 
of flavanone in the interflavonoid linkage. An upfield 
singlet in the aromatic region at & 5.91 for two protons 
was attributed to the 1-6 and 1-8 protons of flavanone unit. 
A downfield singlet at & 6.17 for one proton was assignable 
to H-II-6 confirming the linkage of the flavone unit through 
C-8. A pair of doublets (J=8 Hz) in the aromatic region 
at 6 6.32 (H-II-3', 5') and 7.08 (H-II-2', 6'), each for 
two protons, was indicative of the presence of a hydroxyl 
group at C-4' of either of the B rings. A singlet at 
6 6.53 for one proton was assigned to II-3 proton of the 
flavone unit. A doublet (J=8 Hz) for one proton at S 6.85 
(H-I-5') and a multiplet for two protons centered at & 7.37 
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(H-I-2',6') confirmed the presence of a 3,4-dihydroxyl 
system in the other B ring. 
It can be said, in view of the above discussion, that 
the compound 6N-1 is a biflavonoid having a flavanone and a 
flavone unit. Also, the rings A in both the units are 
derived from phloroglucinol and the C-3 of flavanone is 
linked to C-8 of flavone unit. The only thing which is to be 
determined is the nature of B rings of the two units. There 
are now two possible assignments for the compounds GN-1 i.e. 
either (VII) or (VIII). The compound (VIII) is reported in 
the literature and its melting point 300°C is much higher 
than that of GN-1. The possible structure of the compound is 
thus (VIII), which was finally confirmed with the help of 
mass spectral data (Chart-Ill) 
HO. 
-OH 
( VII ) ( VIII) 
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The mass spectrometry which is one of the best 
techniques for determining the structure of biflavonoids and 
especially the interflavonoid linkage proved helpful in this 
case and provided evidence in favour of the interflavonoid 
linkage as well as the nature of the two B rings. As is 
reported for C-3/C-8 linked biflavono ids "^ , the mass 
spectrum (Fig.9) of GN-1 did not exhibit many of the 
characteristic peaks and the most significant peak was 
73 observed at m/z 126 . The molecular ion peak could not be 
observed for GN-1. The mass spectra of methyl ether and 
acetyl derivatives also did not show molecular ion peaks and 
though seven spectra of methyl ether (GNMe-1) were recorded, 
in none could the peaks above m/z 200 be detected. 
As discussed in the theoretical part of this 
dissertation, the major fragmentation path of the flavonoids 
in RDA and RDA by pathway I, which gives both A and B 
fragments, is most significant. It is not clear why many 
important RDA fragments could not be observed in the case of 
GN-1 and its derivatives, but the major fragmentation path 
was the loss of ring A of flavanone unit giving a base peak 
at m/z 126. 
The problem of confirming the nature of two B rings 
was, however, solved with the help of mass spectral data of 
GN-1. The most significant peak in the case of GN-1 was at 
44 
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HO 
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OH 
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HO >,-^0H 
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m/z 2A2 
Chart - III 
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m/z 110, which could only be assigned to the dihydroxy 
phenyl cation. Another diagnostic fragment at m/z 418 may be 
explained in terms of loss of ring B of fiavanone. The 
formation of an ion at m/z 260 can be explained from the 
M"*"- by the RDA of both the units accompanied by the loss of 
a CO molecule. The peaks at m/z 152 and 153 are due to the 
ring A fragments of RDA of fiavanone unit. RDA by pathway II 
of the flavone unit and loss of phlorogiucinol ring from 
the fiavanone unit can explain the peak at m/z 270, The 
peaks at m/z 286 and. 287 can be explained by the RDA of both 
the units. The peak at m/z 242 may be due to ion formed by 
the loss of CO from ion at m/z 270. A peak at m/z 328 may be 
explained in terms of RDA of flavone unit and loss of ring B 
from fiavanone unit. The peaks at m/al49 and 150 may be due 
to the doubly charged ions formed by the loss of ring B from 
fiavanone unit and RDA followed by loss of CO from flavone 
unit. 
The above discussion provides sufficient evidence in 
favour of the 3/8"-linkage and the nature of two B rings. 
The compound GN-1 was, therefore, characterized as 1-5, 
II-5, 1-7, II-7, 1-3', 1-4', II-4'-heptahydroxy-[I-3, II-8]-
flavanonyl flavone {VI11).^^ 
Methylation of GN-1 with dimethylsulphate and potassium 
carbonate yielded a methyl ether (m.p. 123-125°C), GNMe-l. 
It was characterized as 1-5, II-5, 1-7, 1-3', 1-4', II-4'-
heptamethoxy-[I-3, 11-8] - flavanonyl flavone.®^ 
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GN-2 
GN-2, m.p. 300°C, was identified as morelloflavone 
(IX)^*^'^^ on the the basis of structures of its methyl 
ether and acetate derivatives. Methylation of GN-2 with 
dimethylsulphate and potassium carbonate provided a methyl 
ether (m.p. 213^0), GNMe-2 (M"*", 654; C^j H^^ 0^^) . The 
^H-n.m.r. spectrum of the methyl ether showed seven 
methoxy signals between S 3.60 and 3.90 . The two 
doublets at 6 4.82 and 5.80 (Jtrans " 12 Hz) were shown to 
be coupled by double resonance and were assigned to H-2 and 
H-3 trans protons of ring I-C of the flavanone unit. The 
aromatic protons were assigned as shown in Table-3. 
The protons of ring II-B gave rise to quartet 
& 7.40 (Jortho = 9 "2, Jjneta = 3 Hz). « doublet at 8 7.15 
•^^ meta " ^ ^^^ ^^'^ another doublet at 6 6.80 (Jortho - ^ ^ z), 
together forming an ABC pattern. The H-2', 6' and H-3', 5' 
of ring I-B gave rise to two doublets (Jortho ~ ^ ^") 
at 6 7.09 and 6.60, respectively. The two meta coupled 
doublets (J = 3 Hz) at & 6.12 and 6.19 were attributed to 
H-6 and H-8 protons of ring I-A. Of the two singlets at 
6 6.36 and 3.46, the former was assigned to H-6 of ring 
II-A and the latter to H-3 of ring II-C (olefinic proton) by 
87 
analogy with 5,7 - dimethoxy flavone" where H-8, H-6 and 
H-3 appear at & 6.36, 6.34 and 6,62, respectively. The 
TABLE-3 
Chemical shifts of protons of GMMe-2 
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Signals 
8 (ppm) 
7.09 d 
6.60 d 
7.40 q 
7.15 d 
6.80 d 
5.80 d 
4.82 d 
6.19 d 
6.12 d 
6.36 s 
6.46 s 
3.60 - 3.90 
No. of 
protons 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
21 
JHZ 
9 
9 
3 
9 
12 
12 
3 
3 
-
-
-
9 
3 
Assignment 
H-I-2', 6' 
H-I-3', 5' 
H-II-6' 
H-II-2' 
H-II-5' 
H-I-2 
H-I-3 
H-I-8 
H-I-6 
H-II-6 
H-II-3 
7 OMa 
s = singlet, d = doublet, q = quartet. 
Spectxrum run in CDCI3 at 100 MHz, TMS as an internal 
standard. 
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^H-n.m.r. data was in good agreement with the reported data 
of morelloflavone methyl ether (X). ^  The mass spectral 
fragmentations of the methyl ether, shown in Chart-IV, also 
supported the above structure. The fragmentation of the 
molecular ion at m/z 654 could be rationalized by RDA of 
flavanone I-C to give a fragment ion at m/z 474 followed by 
loss of 28 units (CO) from pyrone ring II-C (flavone unit) 
to give an ion of m/z 446. These results could only be 
accommodated by the linkage of the heterocyclic ring I-C 
(flavanone unit) to the phloroglucinol ring II-A (flavone 
unit). Thus, the GNMe-2 was identified as hepta methyl 
ether of morellof lavone {Y.).'^^''^^ 
On acetylation of GN-2 with pyridine-acetic anhydride 
was obtained an acetate, GNAc-2 (m.p. 214*^C). The ^H-
n.m.r. spectral data of GNAc-2 is shown in Table-4. The 
doublets expected due to H-2 and H-3 protons of ring I-C 
could not be observed, instead a singlet appeared at 
S 6.08. Further the signals due to acetoxyl protons 
integrated for 24 protons instead of the expected 21 protons 
suggesting the opening of the flavanone ring I-C. The signal 
at S 6.08 was assigned to H-p of the corresponding 
chalcone unit. The protons of one acetoxy group appeared at 
a considerable higher field, 6 1.92, than the other 
acetoxyl protons. It may be attributed to the phenomenon of 
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OCH, 
CH3O 0 
m/z 311 
m/z121 y r ^ 
H C = C - / / y—OCH3 * 
m/i162 
Chart -IV 
TABLK-4 
Chemical shifts of protons of GNAc-2 
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Signals 
8 (ppm) 
7.53 d 
6.99 d 
7.85 q 
7.32 d 
7.90 d 
6.60 d 
6.46 d 
6.79 s 
6.08 s 
6.62 s 
1.92 - 2.38 
No. of 
protons 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
24 
^Uz 
9 
9 
J2 = 
9 
3 
3 
3 
-
-
-
-
9 
3 
Assignment 
H-I-2, 3 
H-I-3, 5 
H-II-6' 
H-rr-5' 
H-II-2' 
H-I-3' 
H-I-5' 
H-ir-6 
H-I-p 
H-II-3 
8 OAc 
s = singlet, d = doublet, q = quartet. 
Spectrum run in CDCI3 at 100 MHz, TMS as an internal 
standard. 
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interatomic diamagnetic shielding. This shielded acetoxy 
group may be either at C-7 of ring II-A which is close to 
the unsaturated system of chalcone or at C-4 of ring I-B 
which may be under the influence of the ring current of ring 
II-B of the flavone part of the molecule. GNAc-2, was, 
therefore, assigned the structure as octa acetate of 
morelloflavone (XI). 
Thus, on the basis of the structures of GNMe-2 and 
GNAc-2, the GN-2 was characterized as II-3', 1-4', II-4' , I-
5, II-5, 1-7, II-7 - heptahydroxy flavanone-[I-3, II-8]-
f lavone {IX) . |,Q 
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GN-3 
The u.v. spectrum of GN-3, m.p. 225°C showed two 
maxima in the regions of 292 and 329 nm, typical of 
flavanone nucleus.^ Acetylation of GN-3 with pyridine -
acetic anhydride gave an acetate, m.p. 148°C, which could 
not be characterized. GN-3 on methylation with 
dimethylsulphate and potassium carbonate yielded a methyl 
ether GNMe-3 , m.p. 238°C, (M"*", 670, €39 Hgg O^^). GN-3 was 
identified as II-3', 1-4', II-4', 1-5, 1-7, II-7-
7fi heptahydroxy-[I-3, II-8]-biflavanone (XII), " on the basis 
of the structure of its methyl ether, GNMe-3 by comparing 
spectral data with that of reported for GB-la derivatives. 
Table-5 shows the comparative ^H-n.m.r. data of GNMe-3 and 
GB-la. 
The u.v. spectrum of GNMe-3 combined the features of 
simple flavanone and chalcone chromophores, and these 
features were virtually reproduced in the composite spectrum 
of an equimolar mixture of naringenin trimethyl ether and 
2', 3, 4, 4', 6' -pentamethoxy chalcone. 
The H-n.m.r. spectrum of GNMe-3 showed methoxy signals 
between 8 3.38 to 3.58 which integrated for eight 
methoxyls. The relatively high fe values of methoxyls in the 
present case may be attributed to the use of CgDg in the 
solvent mixture. It is an established fact that CDClo/CgDg 
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TABLE-5 
Chemical shifts of protons of GNMe-3 and GB-la 
hepta methyl ether 
Assignment GNMe-3 
& (ppm) 
GB-la hepta methyl ether 
6 (ppm) 
H-I-6 
H-I-8 
H-II-5' 
5.98 (IH, d) 
J = 2 Ha 
6.07 (IH, d) 
J = 2 Hz 
6.08 (IH, s) 
6.16 (IH. s) 
6.16 (IH, s) 
6.18 (IH, s) 
H-I-2', 6'/ 6.86 - 7.28 7.20 - 7.50 
H-II-2, 6 (5H, including chalcone (5H, including chalcone 
olefinic proton) olefinic proton) 
H-I-3',5' 
H-II-3,5/ 
H-II-5 
6.50 - 6.70 6.72 - 6.95 
(4H, including chalcone (5H, including chalcone 
olefinic proton) olefinic proton) 
H-I-2 
H-I-3 
5.90 (IH, d) 
J = 12 Hz 
4.64 (IH, d) 
J = 12 Hz 
5.89 (IH, d) 
J = 12 Hz 
4.62 (IH, d) 
J = 12 Hz 
OMe 3.38 - 3.58 (24 H) 3.50 - 3.89 (21 H) 
s = singlet, d = doublet. 
Spectrum of GNMe-3 run in a mixture of CDCl3/CgDg and that 
of GB-la hepta methyl ether in CDCI3 at 100 MHz and 60 MHz 
respectively, using TMS as internal standard. 
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causes upfield shift of methoxyl resonances provided that 
49 90 91 the methoxyl groups have at least one ortho-proton. * " ' " ' ° * 
The doublets at & 5.90 and 4.64 (J-trans " ^^ ^^^ vere 
assigned to H-2 and H-3 trans protons of ring I-C of the 
flavanone unit. The data showed that the spectral properties 
of GNMe-3 were in accordance with the octamethyl ether 
structure (XIII), in which the heterocyclic ring II-C had 
opened to give a chalcone. Thus the H-n.m.r. spectrum 
showed the lack of AXY system, characteristic of the protons 
of ring II-C in flavanone dimer, instead two low field 
signals appeared in juxtaposition with the aromatic signals 
of ring I-B and II-B at positions typical of olefinic 
protons of a chalcone (XIII). Moreover, the two doublets 
characteristic of the aliphatic protons of ring I-C remained 
intact in the H-n.m.r. spectrum of GNMe-3, at 6 5.90 and 
4.64 (J=12 Hz), showing that ring I-C is preserved in the 
cyclic form. Thus under the conditions of methylation using 
dimethylsulphate and potassium carbonate, ring I-C of GNMe-3 
did not open as in GB-la using Purdie method. However, 
there are instances where 1-3, I1-8 linked biflavonoids, 
71 like morelloflavone and BGH-III , are reported to isomerize 
to chalcone in the presence of strong base and during 
acetylation with acetic anhydride-pyridine. 
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The mass spectral fragmentation also supported the 
flavanone-chalcone structure (XIII) for GNMe-3 by showing a 
molecular ion at m/a 670 and fragments at m/a 180 and m/c 
490. There was also a very significant peak at m/z 191 which 
may result from fragmentation of the chalcone part in the 
molecular ion or alternatively from fragmentation of the 
peak at m/z 490 as shown in Chart-V. 
0CH3 ^ ^ 
m/z 180 
OCH3 0 m/z A90 
m/z 191 
Chart - V 
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In view of the above facts GNMe-3 was assigned the 
structure as II-3, 1-4', II-4, 1-5, II-6', 1-7, II-4', II-
2'-octamethoxy flavanone-[I-3, II-3']-chalcone (XIII). The 
parent compound GN-3 was, therefore, assigned the structure 
as II-3', 1-4', II-4', 1-5, II-5, 1-7, II-7 - heptahydroxy-
[1-3, II-8]-bifIavanone (XII). 
HQ 
>-
2 
( XII ) 
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GN-4, m.p. 302^C, was characterized as 1-4', II-4', 
r-5, II-5, 1-7, ri-7 - hexahydroxy flavanone-[I-3, 11-8]-
flavone (XV)'*''^, on the basis of structures of its methyl 
ether and acetate derivatives. GN-4 on methylation with 
dimethylsulphate and potassium carbonate yielded a methyl 
ether, m.p. 250°C, GNMe-4 (M"*", 624; C2Qiis2^lO • 
The ^H-n.m.r. spectrum of GNMe-4 showed signals in 
the region 8 3.60-3.88, totally integrating for 18 
protons and were assignable to six methoxyls. A doublet 
at 8 5.70 {J=12 Hz) was shown to be coupled to the doublet 
at & 4.80 (J=12 Hz) by the double resonance experiments. 
These signals were attributed to the H-2 and H-3 trans 
protons of ring I-C of the flavanone unit. The aromatic 
protons were assigned as shown in Tabie-6. 
The two sets of aromatic protons of A2B2 pattern were 
assigned to ring I-B and II-B. The two meta coupled aromatic 
signals at fi 6.10 and 6.30 were attributed to protons of 
phloroglucinol ring I-A. Of the two singlets at 8 6.10 
and 6.41; the former was assigned to H-6 of ring II-A and 
the latter to H-3 (olefinic proton) of ring II-C. The data 
was well consistent with a structure in which C-3 of a 
flavanone is linked to C-8 of flavone unit. This assignment 
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TABLE-6 
Chemical shifts of protons of 6MMe-4 
Signals 
S (ppm) 
7.05 
6.56 
7.60 
6.60 
6.10 
6.30 
6.18 
6.41 
5.70 
4.80 
3.60 
d 
d 
d 
d 
d 
d 
s 
s 
d 
d 
-3.88 
No. of 
protons 
2 
2 
2 
2 
1 
1 
1 
1 
1 
1 
18 
^Uz 
9 
9 
9 
9 
2 
2 
-
-
12 
12 
-
Assignment 
H-I-2', 6' 
H-I-3', 5' 
H-II-2', 6' 
H-II-3', 5' 
H-I-6 
H-I-8 
H-II-6 
H-II-3 
H-r-2 
H-I-3 
6 OMe 
s = singlet, d = doublet. 
Spectriiin run in CDCI3 at 100 MHz, THS as an internal 
standard. 
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was further supported by mass spectral studies of GNMe-4 
(Chart-VI). The fragmentation pattern was in agreement with 
that of talbotaflavone hexamethyl ether. * 
GN-4 on acetylation with acetic anhydride - pyridine 
followed by fractional crystallization gave an 
acetate, GNAc-4, m.p. 207*^ C. There seemed to be a complete 
lack of correlation between ^H-n.m.r. spectra of its methyl 
ether and acetate as also found in the case of 
morelloflavone.^^'^^ The doublets at 6 5.70 and 4.80 due to 
H-2 and H-3 protons of ring I-C had disappeared and instead 
a downfield singlet appeared at 8 6.04. Moreover, the 
signals due to acetoxyl protons integrated for 21 protons 
instead of expected 18 protons. This observation based on 
flavanone-chalcone isomerization during acetylation has 
already been reported ' . The singlet at S 6.04 was 
assigned to H-p of the chalcone unit. The ^H-n.m.r. 
spectral data of GNAc-4 is shown in Table-?. 
The protons of an acetoxyl group appeared at a 
considerably higher field, 8 1.89, than the other acetoxyl 
protons. It seemed to be a phenomenon of interatomic 
diamagnetic shielding. This shielded acetoxy group might be 
either at C-7 of ring II-A which is close to the unsaturated 
system of chalcone or at C-4 of ring I-B which might be 
under the influence of ring current of ring II-B. 
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m/2137(12) 
OCH, 
m/r 415(15) 
CH3O 0 
m/t 311(40) 
Chort - V I 
TABLE-7 
Chenical shifts of protons of 6MAc-4 
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Signals 
S (ppm) 
No. of 
protons 'Hz 
Assignment 
7.50 d 
6.96 d 
7.96 d 
7.16 d 
6.56 d 
6.44 d 
6.73 s 
6.04 s 
2.34 s (3H) 
2.28 s (3H) 
2.24 s (6H) 
2.18 s (6H) 
1.89 s (3H) 
2 
1 
1 
2 
1 
21 
9 
9 
9 
9 
2 
2 
-
-
H-I-2 , 6 
H - I - 3 , 5 
H - I I - 2 ' , 6' 
H - I I - 3 ' , 5 ' 
H - I - 3 ' 
H - I - 5 ' 
H- I I -6 , 3 
H-I-p 
7 OAc 
s = singlet, d = doublet. 
Spectriim run in CDCI3 at 100 MHz, TMS as an internal 
standard. 
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On the basis of above evidences, the methyl ether 
GNMe-4 and the acetate GNAc-4 were assigned the 
structures as 1-4', II-4', 1-5, II-5, 1-7, II-7-hexamethoxy 
flavanone-[l-3, II-8]- flavone (XVI) and 1-2', 1-4', 1-6', 
1-4, II-4', II-5, II-7 - heptaacetoxy chalcone-[I-C3e, 11-8]-
flavone (XVII), respectively. The parent compound was, 
therefore, identified as 1-4', II-4', 1-5, II-5, 1-7, II-7 -
hexahydroxy f lavanone-[I-3, II-8]-flavone (XV).''^ •'^ ^ 
( XVI ) 
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Chemical constituents of Calophyllum tomentosum T. Anders 
(Guttiferae) 
The family Guttiferae is a large family of 40 genera 
and over 1000 species generally confined to the warm humid 
tropics. The genus calophyllum consists of about 130 species 
of trees of which 7 species are found in India. Calophyllum 
tomentosum, T. Anders syn. Calophyllum elatum, Bedd is a 
tall tree common in ever-green forests of the western coast 
an 
from north Canara to Travancore, ascending to 5000 ft*'**. 
A survey of the literature revealed that a lot of work 
has been carried out on this plant for its terpenoidic and 
coumaroyl constituents. Nigam and Mitra'' have reported 
friedelin, friedelin-3- B-ol and sitosterol from the bark. 
Govindachari et al.'^^ have reported apetalactone (XVIII), 
friedelin and canophyllol from the leaf. In another study, 
95 Nigam and Mitra have characterized 4-aubstituted coumarins 
(XIX) and (XX) from the nuts. In 1981, Karunanayake et al.^^ 
have reported several terpenoids and xanthone (XXI) from 
the bark, branch timber, sapwood and heartwood of 
C. tomentosum, however there is no mention of the presence 
of flavonoids in this species. In order to check the 
presence of flavonoidic constituents in C. tomentosum, we 
undertook the systematic investigation of this species. It 
66 
yielded a new compound, CT-1 (XXII) and CT-2 (XXVI). These 
compounds were characterised with the help of chemical and 
spectroscopic methods. 
H2OH 
( XVIII) 
( XIX ) R^CgHs 
( X X ) R?CH2CH2CH3 
( XXI ) 
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The coarsely powdered leaves (3 kg) of C. tomeritosum , 
procured from Goa, India, were extracted exhaustively with 
methanol. The methanolic concentrate was successively 
extracted with petroleum ether (60-80°), chloroform, ethyl 
acetate and finally with acetone. 
The petroleum ether fraction was concentrated to a 
small volume and left in refrigerator. After few days a 
light yellowish powder settled in the flask. It was 
filtered, washed with hexane and dried. The solid on thin 
layer chromatographic examination in different solvent 
system, namely, petroleum ether-benzene (4:1), petroleum 
ether-chloroform (9:1) and chloroform-hexane (1:2) was fotind 
to be a single entity. It was labelled as CT-1. 
Girl 
It was crystallized from chloroform-petroleum ether 
mixture as pale yellow needles, m.p. 118°C. Elemental 
analysis as well as the molecular ion peak at m/z 376 in its 
mass spectrum led to its molecular formula as C24H24O4. It 
gave green colour with ferric chloride indicating the 
presence of phenolic group. A negative Shinoda test ruled 
out the possibility of its being a flavonoid. CT-1 gave red 
colouration when treated with H2SO4 suggesting the presence 
of chromene moiety in the molecular. 
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Infra-red spectrxun of CT-1 displayed bands at 3390 
(OH), 1620 (C=0) and 1590, 1450cm"^ (aromatic C=C). The 
ultraviolet spectrum showed absorption maxima at 203.6, 
271.2 and 361.2 nm indicating the presence of pyrone and/or 
chromone nucleus in the molecule. The use of various shift 
reagents like NaOMe, AICI3, NaOAc, NaOAc-H3B03 and AICI3-HCI 
was also studied but did not prove fruitful in further 
structure elucidation. 
The %-n.m.r. spectrum of CT-1 (Fig. 10), (Table 8) 
exhibited two singlets, each for three protons, at & 1.14 
and 1.18. Two doublets (J=6 Hz), each integrating for three 
protons, were found at 6 1.25 and 1.58. Two multiplets 
observed at S 2.60 and 4.23 were for one proton each. A 
pair of doublets (J=3 Ha) was observed at & 5.28 and 5.86 
each for one proton. Another set of doublets (J=10 Hz), 
each integrating for one proton, was seen at & 5.44 and 
6.58. A multiplet for three protons and a doublet (J=7.5 
Hz), for two protons were present at67.25 and 7.35. In the 
lowest field of the spectrum was seen a singlet assignable 
to phenolic proton. 
The presence of two methyl singlets at S 1.14 and 1.18 
and a pair of doublets at & 5.44 and 6.58 were indicative of 
the presence of a 2,2-dimethyl-chromene moiety in the 
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TABLK-8 
Chemical shift of the proton of CT-1 
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Signals 
fe (ppm) 
No. of 
protons 
Assignment 
1.14 
1.18 
1.25 
1.58 
2.60 
4.23 
5.28 
5.44 
5.86 
6.58 
7.25 
7.35 
12.58 
(s) 
(s) 
(d, J : 
(d, J = 
(m) 
(m) 
(d, J = 
(d, J = 
(d, J = 
(d, J = 
(m) 
(d, J = 
J (s) 
: 6.0 Hz) 
6.0 Hz) 
3.0 Hz) 
10.0 Hz) 
3.0 Hz) 
10.0 Hz) 
7.5 Hz) 
3 
3 
3 
3 
3 
2 
1 
Chromene methyl 
Methyl groups 
of chromanone 
H-2' 
H-3' 
Ethylene proton 
H-3 
Ethylene proton 
H-4 
Aromatic protons 
Aromatic protons 
Phenolic hydroxy1 
s = singlet, d = doublet, m = multiplet. 
Spectrum run in CDCI3 at 400 MHz; TMS as internal standard, 
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molecule. Irradiation experiments (Fig. 11,12) confirmed the 
presence of a 2,3-dimethylben2odihydropyrone moiety in the 
molecule. Irradiation of the multiplet at & 2.60 resulted in 
the collapse of the doublet at S 1.25 to a singlet and 
simplified the multiplet at 6 4.23 to a quartet. Moreover, 
irradiation of multiplet at £ 4.23 resulted in the change of 
doublet at <5 1.58 to a singlet and of multiplet at 8 2.60 to 
a quartet. These experiments fully confirm the presence of a 
2,3-dimethyl-2H-pyrone system in the molecule. 
Irradiation of doublet at 8 6.58 converted doublet 
at 8 5.44 to a singlet. Irradiation of doublet at 6 7.35 
simplified multiplet at 8 7.25 suggesting the presence of 
an unsaturated phenyl ring in the molecule. The most 
important signals in the H-n.m.r. were a pair of doublets 
at 8 5.28 and 5.86 (J=3 Hs), each for one proton. These were 
assigned to >C=CH2 group, taking into consideration the 
molecular formula of the compound. 
It can be said on the basis of above discussion that 
there are three probable structures (XXII-XXIV), which could 
be assigned to this compound. A careful examination of 
these structures shows that in the case of (XXIV) the 
hydroxyl is not chelated to the carbonyl while in the other 
two cases it is chelated. The chelation of the hydroxy1 to 
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( XXII) 
( XXIV) 
carbonyl in CT-1 is well evident by the presence of signal 
for hydroxyl proton at & 12.58 in the H-n.m.r., elimina-
ting (XXIV) as the probable structure. 
The structure was finally confirmed taking into 
consideration the effect of acetylation and long range 
coupling as a tool for structural elucidation of 
hydroxychromenes. The oC~proton of the chromene unit has a 
peri relationship with the hydroxyl group in the structure 
(XXII) while this relationship does not exist in the case 
of (XXIII). It has been previously reported that 
acetylation of the hydroxyl when it has peri 
relationship with the oC-proton of chromene, causes a 
81 
diamagnetic shift of o(^-proton by 0.3 to 0.4 pptn (upfield). 
The shielding of the proton by the acetoxyl group in the 
acetate and the strong deshielding by adjacent acetoxyl in 
the parent compound have been attributed to steric factors. 
In the case of CT-1, the protons of chromene unit 
appear as doublets at S 5.5 and 6.6 in the ^H-n.m.r. of 
acetate, CTAc-1 (Table 9), which are close to those observed 
for the parent compound itself, thus ruling out a peri 
relationship between the hydroxyl and oC-proton of the 
chromene unit and eliminating the possibility of the 
structure of CT-1 as (XXIII). 
The CT-1 was, therefore, assigned the structure (XXII) 
which was further supported by the mass fragmentation. The 
main peaks at 376, 361, 305 were well accounted for a shown 
in the following fragmentation chart-VII (Fig. 13). 
Thus, the compound CT-1 was characterized as 9-hydroxy-
2,2,6,7-tetramethyl-2H-[13-bensopyran-(l-phenylethylene-10-
yl)-C3,2-b]-dihydropyran-4-one (XXII) and its acetate 
derivative CTAc-1, as 9-acetoxy-2,2,6,7-tetramethyl-2H-[13-
ben2opyran- (1-phenylethylene-10 — yl)-[3,2-b]-dihydropyran-4-
one (XXV). 
TABLE-9 
Chemical shift of the proton of CTAc-1 
62 
Signals 
fe (ppm) 
No. of 
protons 
3 
3 
3 
3 
5 
3 
Assignment 
Chromene methyl 
Methyl groups 
of chromanone 
H-2' 
H-3' 
Ethylene proton 
H-3 
Ethylene proton 
H-4 
Aromatic protons 
Acetoxyl protons 
1.45 (s) 
1.55 (s) 
1.09 (d, J = 6 Hz) 
1.20 (d, J = 6 Hz) 
2.31 - 2.63 (m) 
4.11 - 4.41 (m) 
5.20 (d, J = 3 Hz) 
5.46 (d, J = 10 Hz) 
5.71 (d, J = 3 Hz) 
6.56 (d, J = 10 Hz) 
7.30 (m) 
2.16 (s) 
s = singlet, d = doublet, m = multiplet. 
Spectmim run in CDCI3 at 60 MHz; TMS as internal standard. 
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M*" m/7 376 
m/7 305 
Chart -VII 
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( X X I I ) 
^ ^ 
( X X V ) 
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Stereochemis'bry of chromanone ring 
A careful examination of signals at <5 2.60 and 4.23 
arising from chromanone ring hydrogens shows that each of 
these has a six line pattern with peak separation of 6 Hs. 
Each of these hydrogens is coupled to a methyl group and the 
vicinal ring proton. The six line pattern can be 
accounted for by Jy-y = 12 Hz and J[|_cH = 6 Hz. The large 
coupling between the ring protons suggest that they have 
trans diaxial relationship. Hence the two methyl are trans 
of equatorial. 
Biogenesis 
A possible biogenetic source could be visualized from 4-
phenyl coumarin, which are characteristic constituent of 
CH3 CH3 
Vr 'Tt -CH 
( XIX) 
<s> 
CO-
f x x i n 
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caJophyllum genus. Structure (XXII) is derived from 
tomentoLlde-A (XIX) by hydrolytic opening of the lactone 
ring followed by decarboxylation. 
Thin layer chromatography examination of the ethyl 
acetate and acetone extracts in BPF revealed the presence of 
only one major compounds in both the fractions having the 
same Rf value. The two extracts were therefore, combined and 
concentrated under vacuum at room temperature. The green 
viscous residue was purified by column chromatography over 
silica gel column using petrol, benzene and finally ethyl 
acetate as developing solvents. Petrol and benzene 
fractions on concentration gave green oily substance which 
was not further examined. The ethyl acetate fraction on 
concentration gave yellow powder, labelled as CT-2. The 
homogeneity of the substance was checked by TLC examination 
using different solvent systems. 
CIz2 
It was crystallized from methanol as yellow needles 
(m.p. 253-255'^C). The elemental analysis as well as 
molecular ion peak at m/z 538 in the mass spectrum led to 
its molecular formula as C30 Hj^ g O^^ A pink colour with 
Zn/HCl was suggestive of a flavonoidic structure for CT-2. 
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Derivatization of the compound gave a methyl ether 
(CTMe-2) m.p. 226-227°C and an acetate (CTAc-2) m.p. 240-
242^0.'^^ The ^H-n.m.r. spectrum of CTMe-2 showed the 
presence of six singlet at fe 4.05, 3.92, 3.90, 3.82, 3.76 
and 3.72 integrating for three protons each, assigned to six 
methoxy groups. In the aromatic region it showed two 
singlets at & 6.50 and 6.57 for one proton each, 
characteristic of 1-3 and II-3 protons, respectively. A 
singlet at S 6.63 was assigned to H-II-6. The spectrum 
(Table - 10) clearly showed ABX and A2B2 systems associated 
with ring I-B and II-B, substituted at position 1-3',4' and 
II-4', respectively. A pair of doublets at 8 6.73 and 7.38 
(J = 9 Ha) of two protons each for II-2',8' and II-3',5' and 
a quartet of one proton at 6 6.94 (Jj^= 9 H^, J2 - 3 Hz) 
for 1-6' and doublet at 6 7.85 (J = 2.5 Hz) of one proton 
was for 1-2'. Thus ring I-B and II-A of the biflavone, 
seemed to be involved in interflavonoid linkage. In 
particular the values showed that 1-3' is linked to either 
II-6 or II-8. The observation that in biflavones, having 
aromatic substituents at 1-8, the I-5-OMe group generally 
appear below S 4.00 (Table-11) led to believe that 
substituent (flavone unit) in CTMe-2 was located at II-8 and 
not at II-6. Further all methoxy groups on change of solvent 
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TABLE-10 
Chemical shifts of protons of CTMe-2 
Signals No. of Assignment 
6 (ppm) protons 
6.46 (d, J = 2.5 Ha) 
6.32 (d, J = 2.5 Hz) 
6.63 (s) 
7.94 (q, J^  = 9.0 Ha, 
Jg = 3.0 Hs) 
7.85 (d. J = 2.5 Hz) 
7.10 (d, J - 9.0 Hz) 
7.38 (d, J = 9.0 Hz) 
6.73 {d, J = 9.0 Hz) 
6.50, 6.57 (s) 
3.92, 4.05 (s) 
3.90, 3.82 (s) 
3.76, 3.72 (s) 
1 
1 
1 
1 
1 
1 
2 
2 
1 each 
6 
6 
6 
H-I-8 
H-I-6 
H-I I -6 
H- I -6 ' 
H- I -2 ' 
H - I - 5 ' 
H - I I - 2 ' , 6 ' 
H - r i - 3 ' , 5 ' 
H - I - 3 , I I - 3 
OMe-I-5, i r - 5 
OMe-I-7, I I - 7 
OMe-I-4 ' , I I - 4 ' 
s = singlet, d = doublet, q = quartet. 
Spectrum run in CDCI3 ^^ ^^ MHz, TMS as internal standard. 
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TABLE-11 
S.No. Biflavonoids I-6-OMe II-5-OMe 
8 (ppm) 6 (ppm) 
1. Cupresulfavone hexamethyl ether 
2. Amentoflavone hexamethyl ether 
3. Agathisflavone hexamethyl ether 
4. Hlnokiflavone pentamethyl ether 
(I-4'-0-II-8) 
5. CTMe-2 3.92 4.05 
4 . 1 2 
3 .87 
3 . 5 9 
4 . 0 0 
4 . 1 2 
4 . 0 6 
4 . 0 5 
4 . 0 8 
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from deuterochloroform (CDCI3) to benzene moved upfield, 
showing that every tnethoxy group had at least one ortho 
proton, therefore, a II-8, rather a II-6 linkage was 
confirmed. 
This structure was further supported by mass 
fragmentation (Chart-II). Thus, the CTMe-2 was assigned to 
hexa methyl ether of amentoflavone (XXVII). 
The structure (XXVI) assigned to CT-2 was further 
supported by comparing the H-n.m.r. spectrum of its 
acetate, CTAc-2, with that of an authentic sample of 
amentoflavone hexa acetate (Table-12). The ^H-n.m.r.spectrum 
of the acetate showed six acetoxy groups integrated for 18 
protons. 
CT-2 was, thus assigned the structure 1-4', II-4',I-5, 
II-5, 1-7, II-7 hexahydroxy-tI-3', II-8]-biflavone (XXVI). 
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TABLE-12 
Chemical shifts of protons of CTAc-2 and amentoflavone-
hexa aceta'te 
Assignment CTAc-2 Amentoflavone 
6(ppm) S(ppm) hexa acetate 
H-I-8 7.26 (d, IH, J=3 Hz) 7.27 (d, IH, J=3 Hz) 
H-I-6 6.84 (d, IH, J=3 Hz) 6.87 (d, IH, J=3 Hz) 
H-II-6 7.01 (s, IH) 7.03 (s, IH) 
H-I-6' 7.98 (q, IH, Ji=8 Ha, 8.01 (q, IH, J-^ = 8 Ha, 
J2=3 Hz) J2=3 Hz) 
H-I-2' 8.03 (d, IH, J=3 Hz) 8.06 (d, IH, J=3 Hz) 
H-I-5' 7.46 (d, IH, J=9 Hz) 7.52 (d, IH, J=9 Hz) 
H-II-3',5' 7.06 (d, 2H, J=9 Hz) 7.08 (d, 2H, J=9 Hz) 
H-I-3, II-3 6.68, 6.65 (s, 2H) 6.70, 6.68 (s, 2H) 
OAc-I-4',11-4' 2.28, 2.23 (s, 6H) 3.33, 3.38 (s, 6H) 
OAc-I-7, II-7 2.05, 2.01 (s, 6H) 2.11, 2.06 (s, 6H) 
OAc-I-5, II-5 2.45, 2.41 (s, 6H) 2.50, 2.41 (s, 6H) 
s = singlet, d = doublet, q = quartet. 
Spectrum run in CDCI3 at 100 MHz, TMS as internal standard. 
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Chemical cons'tl'tuen'ts of BuchaTiania laman (Anacardlaceae) 
The genus Buchanariia (spreng) of the family 
anacardiaceae, consists of twenty species of trees and 
shrubs, six of which occur in India, and is well known for 
its medicinal properties. It is distributed in tropical 
Asia, Australia and Pacific Islands. B. Janzan (spreng) 
Synonym B. latifolia (Roxb) is a medium sized tree, found 
in dry deciduous forests throughout India, Burma and Nepal 
ascending to 3000 ft.^^ 
The present work was undertaken as this genus has not 
been investigated so far for its flavonoidic contents 
whereas other members of the family are known to be highly 
rich in flavonoids. 
The present discussion deals with the isolation and 
characterization of a new glycoside BLG-3 (XXXVI) alongwith 
BLG-1 (XXXII), BLG-2 (XXXIV), BLG-4 (XXXVII), BL-1 (XXIX), 
BL-3 (XXX), BL-2, MI-1 (XXXVIII) and m-2 (XXXIX) from the 
leaves of Buchanania lanzan . The leaves were collected from 
Dudh Sagar, Goa. 
The dried and powdered leaves (2 kg) were consecutively 
extracted with petroleum ether (60-80*^), benzene, acetone 
and methanol. The petroleum ether and benzene extracts on 
95 
concentration gave dark green resinous substance, was 
treated with hot water and filtered. The insoluble residue 
gave positive Liebermann - Burchard test for triterpenes 
and was marked as fraction R. Acetone and methanol extracts 
gave positive Shinoda test^^ indicating the presence of 
flavonoidic constituents. 
These two extracts on thin layer chromatography 
examination in different solvent systems showed a number of 
compounds. Two extracts were, therefore, combined (20 g) 
and chromatographed over silica gel column using petroleum 
ether (fraction A), benzene (fraction B), benzene-ethyl 
acetate mixtures (4: 1-fraction Cj^ ; 1:1-fraction C2"» l'-4-
fraction C3), ethylacetate (fraction D) and acetone 
(fraction E), successively as eluting solvents. 
Fraction Cj^  and C2 on the TLC examination in BPF 
solvent system showed three spots with the same Rf values. 
The two fractions {C-^, C2) were, therefore, mixed together. 
Repeated column chromatography over silica gel and 
fractional crystallisation failed to separate the delicate 
mixture of compounds, therefore a recourse was taken to the 
preparative - TLC using BPF as a developing solvent. Three 
crystalline TLC homogenous substance obtained were labelled 
as BL-1, BL-2 and BL-3. 
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BLzl 
It was crystallised from aqueous methanol as yellow 
needles, m.p. 313-314*^0, on acetylation with acetic 
anhydride and pyridine it gave an acetate m.p. 193-194^0. 
The compound was found to be a flavonol as it gave a pink 
colouration on reduction with magnesium and hydrochloric 
acid and a light yellow colouration with Wilson-boric acid 
reagent.^^ BL-1 was characterized as quercetin (XXIX) by 
melting and mixed melting points with an authentic sample of 
quercetin and its derivative. Further confirmation to its 
identity was furnished by ferric reaction, co-chromatography 
and spectral evidences. The infra-red and ultraviolet 
spectra of BL-1 were found to be nearly superimposable with 
those of a standard sample. 
Bh-Z 
Compound BL-2 (m.p. 250°C) was identified as gallic 
acid by direct comparison of physical and spectral data with 
an authentic sample of gallic acid (Rf value, melting, mixed 
melting point and co-chromatography). 
97 
Bl-3 
The compound BL-3 gave light yellow needles (m.p. 276-
278'^ C) on crystallization from pyridine. The acidic 
cyanidin and Wilson-boric acid tests were positive 
indicating the flavonol nature of BL-3. It was identified as 
Kaempferol (XXX) by its melting, mixed melting points and 
co-TLC with an authentic sample. It gave an acetate m.p. 
180-182*-*C, on acetylation with acetic anhydride and 
pyridine. 
( XXX) 
Fraction Cg 
This fraction appeared to be glycosidic as it did not 
move on silica gel plate when benzene:pyridine:formic acid 
was used as developing mixture. The TLC examination in 
chloroform: methanol • water (35:13.5:1.8) showed one major 
spot. It was chromatographed over a column of silica gel. 
Elution with benzene-ethyl acetate (1:4) yielded a light 
yellow product (BLG-1), m.p. 228°C. The glycosidic nature 
was further evidenced by Molisch test. 
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The glycoside gave positive testa with magnesium and 
hydrochloric acid and a yellow colour with Wilson-boric acid 
reagent indicating the flavonol nature. BLG-1 on 
hydrolysis gave an aglycone, m.p. 276-278°C, identified as 
kaempferol. The sugar was identified as glucose by Rf values 
£ind CO-chromatography. On the basis of the colour reaction 
and examination of the products of hydrolysis the glycoside 
was identified as kaempferol-0-glucoside. 
The position of the sugar moiety was determined by u.v. 
spectral data. The glycoside BLG-1 showed a slight 
hypsochromic shift while its aglycone revealed a 
bathochromic shift of 9 nm (from 266 to 275 nm) showing that 
the sugar is attached to C-7 of the kaempferol. 
Final confirmation of the position of sugar at C-7 was 
obtained by the hydrolysis of the methylated glucoaide. The 
partial methyl ether obtained, was characterized by melting 
and mixed melting points with an authentic sample (m.p. 
151 ^C) as 3,5,4'-trimethoxy kaempferol (XXXI). ^ "^ ^ The 
formation of the above trimethyl ether of kaempferol 
confirmed the attachment of the sugar residue at C-7 of the 
aglycone. 
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The quantitative estimation of sugar by Somogyi's 
copper micro method showed the presence of one mole of 
glucose per mole of aglycone. BLG-1 was thus characterized 
as kaempferol-7-O-glucoside (XXXII). 
glucoside—0 
{ XXXII) 
OCH3 
Fraction D 
Fraction D on thin layer chromatography examination 
showed two major spots in toluene:ethyl formate:formic acid 
(5:4:1) and ethyl acetate:ethyl methyl ketone: acetic acid: 
water (5:3'. I. 1). Repeated column chromatography over silica 
gel followed by fractional crystallization afforded two TLC 
homogenous substances. They were labelled as BLG-2 and 
BLG-3. 
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BLG-2 was identified as quercetin-7-O-rhamnoside by 
chromatographic and u.v. spectral studies of the glycoside 
and its hydrolysis products. BLG-3 was characterized as 
myricetin-3'-O-oC-rhamnoside-3-O-p -galactoside by spectral 
studies of the glycoside and its acetate. 
BLG-2 
BLG-2, a yellow solid m.p. 272°C, gave positive Shinoda 
and Molisch tests. ^  The spot appeared bright yellow on 
paper chromatogram which turned fluorescent yellow with 
ammonia, indicating it to be a flavonol glycoside. 
On acid hydrolysis with 6% aq. HCl it gave an aglycone, 
m.p. 315*^ 0 and a sugar. The aglycone was identified as 
quercetin by direct comparison of physical and spectral data 
with an authentic specimen. The sugar was identified as 
rhamnose by paper chromatography with authentic sugars. The 
u.v. spectral data (Table-13) of BLG-2 showed the presence 
of free 3-OH, 5-OH and 3',4'-ortho-dihydroxy1 groups. No 
appreciable shift was observed in band II with sodium 
acetate in the case of BLG-2, whereas a bathochromic shift 
of 15 nm was found in the u.v. spectra of its aglycone 
suggesting the glycosidation at C-7 hydroxyl of the 
quercetin. 
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TABLE-13 
UV Absorption data with shift reagents ( A ^ ax """^  
Solvents with Glycoside Aglycone Quercetin 
Shift reagents BLG-2 BLG-2H 
MeOH 255, 269 sh, 257, 268 sh, 255, 269 sh, 
372 300 sh, 371 301 sh, 370 
+NaOMe 241 sh, 290, 271, 302 sh 247 sh, 312 
365, 453 338, 454 (dec.) 
4-AlClo 259 sh, 273, 268, 301 sh, 272, 304 sh, 
457 427 333, 458 
•HAlClo+HCI 268, 303 sh, 265. 301 sh, 265, 301 sh, 
426 426 359, 428 
•^ NaOAc 286, 378, 257 sh, 272, 257 sh, 274, 
426 sh 329. 390 329, 390 
(dec.) 
+NaOAc+H3B03 261, 289 sh, 260, 304 sh, 261, 303 sh, 
386 389 388 
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The position of sugar residue was confirmed by 
hydrolysis of methylated glycoside. The partial methyl 
ether, m.p. 284*^ C obtained was characterized by melting and 
mixed melting points with an authentic seuitple as 3',4',3,5-
tetra-methyl quercetin (XXXII)^^^. The formation of the 
above tetramethyl ether proved the attachment of sugar at 
C-7 hydroxyl position. BLG-2 was thus characterized as 
quercetin-7-O-rhamnoside (XXXIV). n^ 
Rhamnoside 
gl>g-3 
OCH3 
( XXX111) 
BLG-3 was c r y s t a l l i z e d from e t h y l a c e t a t e methanol 
mixture as bright yellow needles, m.p. 182-184*^ C. It 
responded to sodium amalgam/HCl, Shinoda and Molisch 
tests^ and gave green colour with ferric chloride. The 
spot on paper chromatogram appeared deep purple under u.v. 
light which turned yellow with ammonia, indicating it to be 
a flavonol glycoside with substituted 3-position. 
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The ultra violet spectrum in MeOH (Table-14) showed the 
absorption maxima at 257.5 and 351.5 nm and the changes in 
these values in presence of classical shift reagents showed 
four free hydroxyl groups at C-5 and C-7 and an ortho-
dihydroxyl system in ring B besides indicating the 
glycosylatation at C-3. The comparison of the effect of 
NaOMe (under spectral analysis conditions)^ upon the 
aglycone and the glycoside suggest the presence of one sugar 
moiety in ring-B. The glycoside remained stable to NaOMe 
while the aglycone rapidly decomposed, this result is in 
accord with the presence of alkali-sensitive 3',4'-5'-
hydroxylation pattern in the aglycone . 
Total hydrolysis with 8% ale. HCl gave an aglycone and 
two sugars. The sugars were identified by co-chromatography 
on paper as rhamnose and galactose. The aglycone was 
characterised as myricetin (XXXV), m.p. 358°C by u.v. 
spectral studies and co-chromatography with an authentic 
sample. 
The structure was further elucidated with the help of 
^H-n.m.r. data of acetate derivative of BLG-3. BLG-3 on 
acetylation with acetic anhydride and pyridine gave an 
acetate BLGAc-3, m.p. 153*^ C. The ^H-n.m.r. spectrum of 
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TABLE-14 
OV Spectral data with shift reagents ( X _«x nm) 
Reagents Shift position 
MeOH 257.5, 351.5 
+AICI3 273.0. 332.0, 431.7 
+AICI3+HCI 269.2, 397.5 
+NaOAc 270.0, 369.9 
+NaOAc+H3B03 259.3, 369.7 
+NaOMe 270.0, 378.0, 395.0 
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BLGAc-3 (Fig.14) (Table-15) indicated the presence of two 
sugars moities as it showed four arotaatic acetoxyls 
integrating for 12 protons between S 2.25 - 2.49 and seven 
aliphatic acetoxyls integrating for 21 protons in the range 
& 1.98 - 2.25. 
The C-1 proton of rhamnose and galactose were observed 
as doublet for one proton each at S 4.68 (J=2 Hs) and 5.65 
(J=7 Hz). These coupling constants indicate that the 
rhamnose and galactose formed o6-linkage and p -linkage, 
respectively, with aglycone*^'^^^. The rhamnoayl methyl 
protons appeared as doublet at fc 0.91 (J=6 Hz). The 
multiplet of 6 protons at h 4.95-5.49 was observed for C-2, 
C-3 and C-4 protons of galactosyl and rhamnoayl, whereas the 
C-5, C-6 of galactosyl and C-5 of rhamnosyl proton gave a 
multiplet of four protons ranging from 6 3.6 - 4.40. The 
5,7-disubstitution in ring-A was evident by the presence of 
two meta coupled at 6 8.85 (J=2.5 Hs) and 7.32 (J=2.5 Hz) 
for one proton each, ascribed to H-6 and H-8, respectively. 
The ^H -n.m.r. spectrum also showed two doublet at 
<5 7.81 (J=2o Hz) and 7.48 (J=2.oHz) for one proton each, 
assigned to H-2' and H-6', respectively showing 
unequivalence of the two protons. It was evident from the 
above observations that one of the sugar moiety is 
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TABLK-15 
Chemical shifts of the protons of BL6Ac-3 
Signals 
& (ppm) 
6.85 (d, 
7.32 (d, 
7.48 (d, 
7.81 (d. 
5.65 (d, 
4.95 - 5 
J=2.5 Hz) 
J=:2.5 Hz) 
J=2.0 Hz) 
J=2.0 Hs) 
J-7.0 Hz) 
.49 (tn) 
No. of 
protons 
1 
1 
1 
1 
1 
6 
Assignment 
H-6 
H-8 
H-2' 
H-6' 
H-1" (galactosyl-c-1" proton) 
H-2", 3", 4" (galactosyl 
4.68 {d, J=2.0 Hz) 
3.60 - 4.40 (m) 
2.25 - 2.49 
1.98 - 2.25 
0.91 (d, J=6.0 Hz) 
12 
21 
3 
proton) 
H-2"', 3"', 4"' (rhamnosyl 
proton) 
H-1"* (rhamnosyl c-1"' 
proton) 
H-5", 6" (galactosyl proton) 
H-5" (rhamnosyl proton) 
four phenolic acetoxyls 
seven alcoholic acetoxyls 
rhamnosyl methyl proton 
d = doublet, m = multiplet. 
Spectrum run in CDCI3 at 60 MHz, TMS as internal standard. 
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attached to C-3' oxygen of ring-B^^^. The position of C-1 
proton of galactose at 6 5.65 (J=7 Hz) indicated that 
3-position of the aglycone was occupied by galactose because 
the anomeric proton of flavonol-3-O-rhamnoside appears at 
S 5.0-5. l'^ .^ Theref ore, rhamnose must be present at C-3' 
position. 
Thus, based on the above chemical and spectral 
considerations, the compound BLG-3 was characterized as 
myricetin-3'-0-cC -rhamnoside-3-0- p -galactoside (XXXVI). 
Fraction E (XXXV) 
Fraction E on TLC and paper chromatography examination 
in various solvent systems showed two brown spots very close 
to each other. All attempts to separate the mixture failed. 
However, a yellow solid was separated out when an ethanolic 
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solution of -the mixture was left in a refrigerator for ten 
days. The solid was purified by repeated crystallization 
using different solvent mixtures. It was labelled as BLG-4 
and characterized as quercetin-3-O-glucorhamnoside 
(natinoside) by chromatographic as well as spectral studies 
of the glucoside, its acetate and the aglycone. 
The mother liquor showed the presence of the same two 
spots in varying concentrations. The mixture on complete 
hydrolysis gave only quercetin as the aglycone, indicating 
thereby that both the compounds are quercetin glycosides. 
BW-i 
BLG-4, bright yellow solid, m.p. 191-192°C, gave 
positive Shinoda and Molisch tests. The chromatographic 
spot appeared deep purple under u.v. light which turned 
yellow with ammonia indicating it to be flavonoid glycoside. 
The u.v. spectral data in the presence of classical shift 
reagents indicated the presence of free hydroxyl groups at 
C-5 and C-7 besides 3',4'-orthodihydroxyl grouping^^ and 
glycosylation at C-3, 
Total hydrolysis with 10% ale. HCl gave an aglycone and 
two sugars. The sugars were identified as glucose and 
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rhamriose by paper chromatography with authentic samples. The 
aglycone was characterized as quercetin by Rf value, 
melting, mixed melting points, spectral data and co-
chromatography with an authentic sample. Partial hydrolysis 
of BLG-4 with 1% aq. HgSO^ for 1 hour gave a glycoside, BLQ-
4 g and rhamnose. BLG-4 - on further hydrolysis yielded 
quercetin and glucose, thereby indicating rhamnose to be the 
terminal sugar. 
BLG-4 on acetylation with acetic anhydride and pyridine 
afforded an acetate derivative, BLGAc-4, m.p. 135°C. The 
results of H-n,m.r. spectrum of the acetate are recorded in 
Table-15. 
The H^ -n.m.r. spectrum of BLGAc-4 indicated it to be a 
disaccharide glycoside as it clearly showed the presence of 
four phenolic acetoxyls in the region 6 2.30 - 2.45 (12 H) 
and 6 aliphatic acetoxyls in the region S 1.92 - 2.15 (18 H). 
An ABX pattern due to a 3',4'-disubstitution was not clearly 
visible but it showed a doublet at <5 7.35 (J = 9 Hz) for 
H-5' and a multiplet at 6 7.05-8.02 for H-2',8' due to 
the merging of H-2' doublet with H-6' double doublet. The 
5,7-disubstitution was demonstrated by the presence of two 
I l l 
TABLE-16 
Chemical shifts of the protons of BL6Ac-4 
Signals 
^ (pptn) 
No. of 
protons 
Assignment 
6.81 (d, J=2.5 Hz) 
7.32 (d, J=2.5 Hz) 
7.38 (d, J=9.0 Hz) 
7.95 - 8.02 (m) 
5.35 (d, J=7.0 Hz) 
5.05 - 5.30 (m) 
1 
1 
1 
2 
1 
6 
H-6 
H-8 
H-5' 
H-2' 6' 
H-1" (glucosyl c-1 proton) 
H-2", 3", 4" (glucosyl 
proton) 
4.52 
3.35 
2.30 
1.92 
0.91 
(d, J=2.0 Hz) 
- 3.60 (m) 
- 2.45 
- 2.15 
(m) 
1 
4 
12 
18 
3 
H-2'", 3"', 4 " (rhamnosyl 
proton) 
H-1"' (rhamnosyl c-1 proton) 
H-5", 6" (glucosyl proton) 
H-5"' (rhamnosyl proton) 
fout phenolic acetoxyls 
six alcoholic acetoxyls 
rhamnosyl methyl proton 
d = doublet, m = multiplet. 
Spectrum run in CDCI3 at 60 MHz, TMS as internal standard. 
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doublets at £ 6.81 and 7.32 each with meta coupling 
(J=2.5 Hz) and ascribed to H-6 and H-8 protons, respec-
tively. The appearance of two doublets at <5 4.52 (J=2.5 Hz) 
and 5.35 (J=7 Hz) assigned to the two anomeric protons of 
rhamnose and glucose, respectively, together with a doublet 
at & 0.91 (J = 6 Hz) ascribed to rhamnosyl methyl, fully 
supported the 3-0-rutinosyl group. 
Methylation of BLG-4 by Hakomort's method^^^ followed 
by acid hydrolysis gave 2,3,4-tri-O-methyl-l-rhamnose, 
2,3,4-tri-O-methyl-D-glucose and an aglycone characterized 
as quercetin 5,7,3'4'-tetramethyl ether (m.p. 193°C). The 
formation of this tetramethyl ether confirmed the presence 
of both the sugar moieties at C-3 position of aglycone. 
On the basis of above facts BLG-4 was characterized as 
quercetin-3-O-rhamnoglucoside (rutinoside) (XXXVII). 
II 0 \ 
OH 0 r^hamnoglucosid* 
{ XXXVII ) 
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Fraction R 
The insoluble fraction R, left after hot water 
treatment, gave a positive Liebermann-Burchard^^^ test. All 
attempts to crystallize it with different organic solvents 
did not succeed. Its acetyl derivative also could not be 
crystallized. A small quantity of this crude compound was 
hydrolysed by Killiani's mixture (glacial acetic acid-HCl-
water, 7:2:11). The filtrate gave a positive test for the 
presence of reducing sugars. This observation led to the 
idea that the crude product may be a prosaponin. It was, 
therefore, hydrolysed by Killiani's mixture. The hydrolysis 
product was acetylated and crystallized fractionally to give 
two compounds marked as MIAc-1, m.p. 258-260°C and MIAc-2, 
m.p.285-286^C. 
MIAc-1 
The infra-red spectrum of MIAc-1 displayed bands at 
1724, 1686 and 1250 cm"^ characteristic of the acetyl 
function. The H-n.m.r, spectrum of the acetate showed seven 
tertiary methyl signals as four singlets at S 0.75 (3H), 
0.85 (6H), 0.94 (9H) and 1.12 (3H) and one singlet for an 
acetyl function at S 2.02, an unresolved multiplet at S A.50 
for one proton oC - to the acetoxyl and another multiplet at 
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5 5.25 for the olefinic protons. This data gave further 
support to the B-amyrin skeleton of the compound with on© 
acetyl function present. The deacetylation of the acetate 
gave an acid genin, m.p.299-300°C. The carboxyl function in 
the genin was readily fixed by the formation of a methyl 
ester, m.p. 198^C. The fact that it was obtained with 
diazomethane and not with methanolic hydrochloric acid, 
coupled with the difficulty of its hydrolysis, suggested the 
attachment of the carboxyl group to a tertiary carbon atom 
(C-17). Its H-n.m.r. spectrum showed one ester methoxyl at 
6 3.58 and seven tertiary methyls at 6 0.70 (3H), 0.84 
(6H), 0.86 (3H), 0.90 (6H) and 1.10 (3H), the two unresolved 
multiplets centered around 6 4.50 and 5.30 can be assigned 
to the proton oC ~ "to the acetoxyl and olefinic protons, 
respectively. These data are well in accord with those 
expected for methyl oleanolate. The methylation of the 
acetate with diazomethane gave acetyl methyl ester, m.p. 
220-221*^ 0. 
By analogy with the acids of the B -amyrin group, the 
position of the hydroxy1 group was assumed to be at C-3 in 
ring A, and that of the carboxyl group at C-28 attached to 
C-17. The comparison of the infra-red spectra and mixed 
melting point of the acetyl derivative of the genin with an 
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auttientic sample of oleanolic acid acetate confirmed the 
identity of the genin as oleanolic acid, MI-1 (XXXVIII). 
COOH 
MIAc-2 
The infra-red spectrum of MIAc-2 displayed bands at 
1724, 1706 and 1265 cm~^ are obtained for the acetyl 
function, but it differed considerably from the i.r. 
spectrum of MIAc-1 specially in the finger print region. 
The H-n.m.r. spectrum of the compound revealed seven 
methyl groups at S 0.8 (3H), 0.9 (6H), 0.92 (3H), 1.0 (6H) 
and 1.10 (3H) and one acetoxyl at 6 2.10. In addition, 
there was a triplet centred at S 4.46 for a proton oC ~ to 
the acetoxyl and a signal at 6 5.26 characteristic of the 
olefinic protons. 
On methylation, MIAc-2 gave an acetyl methyl ester, 
m.p.236-237^C. Its H-n.m.r. spectrum also showed seven 
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methyl functions as singlets at S 0.78 (3H), 0.90 (6H), 0.92 
(3H) and 0.98 (3H) and one acetoxyl function as a singlet at 
S 2.09. The ester methoxyl function gave a singlet at 
S 3,65. The olefinic proton signal was at S 5.28 and the 
signal (triplet) for the protonoC-to the acetoxyl at 6 4.46. 
The acetate MIAc-2 on deacetylation gave the genin, m.p. 
268-270^0. 
The above spectral and physical data of the genin and 
its derivatives showed that this compound is a mono-hydroxy 
monocarboxylic acid but different from oleanolic acid. 
However, it was found to be identical with ursolic acid, MI-
2 (XXXIX) and its derivatives on the basis of physical 
constants. Further identity as ursolic acid was established 
by the mass spectrum of the acetate (XL) and its methyl 
ester (XLI). t 
OOH 
( XXXIX ) 
The mass spectrum of the acetate and its methyl ester 
showed the M"*^  peaks at 498 and 512, respectively. In the 
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1 ? triterpenes, ^ compounds undergo predominantly retro-
Diels-Alder fragmentations. The following charts -VIII and -
IX show the fragmentation pattern of the genin acetate (XL) 
and its acetyl methyl ester (XLI), respectively. 
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^ II 
m/2 203 
Chart-VIII 
HC-C-0 
^ 8 
^ ^ X ^ ^ ^ ^ ^ m/z 2A9 
OOCH3 
m/z 262 
^ > < ^ ^ \ ^ m/z189 / ^ ^ ^ m/z 203 
Chart - IX 
E^cperimeHtaf 
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All the melting points were recorded on a Kofler 
microscopical hot stage were uncorrected. Infra-red spectra 
were obtained on a Pye Unicam SP3-100 spectrophotometer. 
Ultra-violet spectra were measured on a Pye Unicam PU 6800 
and Perkin-Elmer Lambda 15 UV/VIS spectrophotometers. ^H-
and C-n.m.r. spectra were recorded on Varian A60D, HR100, 
HA100, and JEOL 4H-100 instruments using tetramethylsilane 
(TMS) as internal standard. All the chemical shift values 
are given in ppm down field from TMS (S = 0). Mass 
spectra were recorded with a JEOL JMS-D300 spectrometer at 
70 eV. 
The silica gel used for different chromatographic 
purposes were obtained from National Chemical Laboratory, 
Pune (India) and other reagents used were of B.D.H., E. 
Merck (India), and E. Merck (Germany). The thin layer 
chromatography solvent system used were toluene-ethyl 
formate-formic acid (5 ••4:1), benzene-pyridine-formic acid 
(36:9:5), chloroform-methanol-water (35:13.5:1.8), ethyl 
acetate-ethyl methyl ketone-acetic acid-water (5:3:1:1), 
ethyl acetate-methanol-water (8:1:1), toluene-pyridine-
acetic acid (10:1:1), n-butanol-acetic acid-water (4:1:5), 
benzene-petrol (1:4) and benzene-ethyl acetate (1:1). The 
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above solvent systems for the sake of convenience have been 
referred to as TEF, BPF, EA.EWK.ACOH.W., EMW, TPA, BAW, 
B.Pet. and B.E., respectively in the text matter. 
Ammonia vapours, alcoholic ferric chloride iodine 
vapours, 20% aqueous solution of perchloric acid and 10% aq. 
H2SO4 were used as spray reagents for visualization of TLC 
spots. 
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Extraction of the leaves of Garcinia nervosa Mig. 
(Guttiferae) 
Leaves (3 Kg) of G- nervosa, procured from Zaria, 
Nigeria, were extracted several times with petrol (60-80*^0) 
by cold percolation. The treated leaves were crushed and 
defatted again by repeated extraction with petrol and 
benzene successively, followed by boiling alcohol. The 
combined alcohol extracts were concentrated first at 
atmospheric pressure and then under reduced pressure. A dark 
viscous residue was obtained. This was treated successively 
with boiling petroleum ether (60-80°C) and benzene to remove 
fatty and resinous matter. The dark brown residue (700 gm), 
thus obtained, responded to the usual colour test for 
flavonoids. 
Purification of flavonoid mixture-coluiBn chromatography 
The column chromatography of the ether soluble part 
over silica gel was performed and the column was eluted 
successively with petrol, petrol-benzene mixture, benzene, 
benzene-ethyl acetate mixtures and ethyl acetate. The column 
chromatography did not prove fruitful as no compound was 
isolated in pure form. Instead, the complex mixture was 
resolved into mixture of two and three compounds. 
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Separation of f lavonoidic mixt-ure-prepara-tiv© -thin layer 
chromatography 
Using a thin layer spreader, glass plates (20x20 cm) 
wore coated with a well stirred suspension of silica gel 
(BDH) to give a layer approximately 0.5 mm in thickness. 
After drying at room temperature, the plates were activated 
at 120*^ 0 for at least 2 hrs. 
The brown mass obtained was dissolved in acetone and 
the solution was applied to plates with the help of a 
mechanical applicator, 2 cm from the lower edge of the 
plates. The plates mounted on a steel frame were placed in a 
Desaga glass chamber (45x22x25 cm) containing 500 ml of 
developing solvent (benzene;ethyl acetate, 1:1). When the 
solvent front travelled 15 cm from the starting line, the 
development was interrupted and the plates were dried at 
room temperature. The position of the bands was marked in 
u.v. light. The mai-ked pigment sones were scraped with the 
help of a nickel spatula and eluted separately in soxhleta 
with acetone. The solvent was removed to give pure 
compounds, labelled as GN-1, GN-2, GN-3 and GN-4. 
SHLl 
It was crystallized as pale yellow crystals (950 mg) 
from MeOH-benzene, m.p. 232-234^C. 
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i.r. of GN-1 
KBr 1 
max 
3300, 1745, 1640, 1610, 1510, 1460, 
1380, 1260, 1160, 1030 and 835 cm -1 
"v- ( A max* 
MeOH 
+NaOMe 
+AICI3 
+AICI3/HCI 
+NaOAc 
+NaOAc/H3B03 
run) of GN-1 
255 sh, 265, 320 
258, 298, 362 ah, 385 
255, 285, 405 
255, 282, 335, 365 
260, 300, 355 sh 
245, 266, 305, 350 
%-n.m.r. (DMSO-dg, 400 MHa) of GN-1 
& 4.83 (IH, d, J=16 Hz, H-I-3); 5.64 (IH, d, J=16 Hz, 
H-r-2); 5.91 {2H, s, H-r-6,8); 6.17 (IH, s, H-rr-6); 6.32 
(2H, d, J=8 Hz, H-II-3', 5'); 6.53 (IH, s, H-II-3); 6.84 
(IH, d, J=8 Hz, H-I-6'); 7.08 (2H, d, J=8 Hz, H-II-2', 6'); 
7.37 (2H, m, H-I-2', 6'); 9.27, 9.50, 9.83, 10.79, 11.18, 
12.20 and 13.20 (IH each, s, 7 x OH). 
^^C-n.m.r. (100 MHz, DMSO-dg) of GN-1 
13 The assignment of the C-n.m.r. data was made by 
1 3 comparison with the C-n.m.r. data of monoflavonoids and 
the ^^C-n.m.r. table is mentioned in Table-2 of discussion. 
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Mass (EI-MS) of GN-1 
MS (rel.int.) : m/z 418 (0.75); 328 (1.00); 287 (1.80); 286 
(1.50); 270 (4.00); 260 (0.90); 242 (1.00); 
153 (2.90); 152 (1.50), 126 (100.00); 110 
(20.00). 
Acetylation of GN-1 
The GN-1 (100 mg) was dissolved in pyridine (4.0 ml) 
and acetic anhydride (8.0 ml) was added. The resulting 
mixture was heated on a water bath for 8 hrs. It was cooled-
down to room temperature and poured over crushed ice. The 
separated solid was filtered, washed several times with cold 
water and dried. On crystallization from EtOH-water, solid 
crystals (60 mg) were obtained, m.p.145-149^0. 
i.r. of GNAc-1 
KBr : V max '^^ ''^ ' ^ ^^^ (broad), 1500, 1370, 1190, 
1120, 1020 and 900 cm"^. 
Methylation of GN-1 
GN-1 (100 mg), anhydrous potassium carbonate (3 gm), 
dimethyl sulphate (0.5 ml) and dry acetone (400 ml) were 
refluxed on water bath for 24 hrs. Refluxing continued till 
it gave negative ale. FeClg test. It was then filtered and 
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residue washed several times wi-bh hot, acetone. The filtrate 
and washings were combined and evaporated to dryness. The 
yellow, residue was treated with petroleum ether to remove 
excess dimethyl sulphate and then dissolved in chloroform 
(25 ml). The chloroform solution was washed several times 
with water, dried (Na2S04) and evaporated to give crude 
solid. The solid was purified by column chromatography. On 
crystallization with CHCl3-MeOH, it gave white crystalline 
solid, m.p.l23-125^C. 
i.r. of GNMe-1 
KBr : V max ^^ "^ ^^  16Ab, 1600, 1515, 1460, 1375, 1260, 
1155,1110, 1040, 1020 and 830 cm"^. 
^H-n,m.r. (CDCI3, 60 MHs) of GNMe-1 
8 3.68, 3.74, 3.80, 3.84, 3.88, 3.90 and 3.94 (3H 
each, s, 7 X OMe); 4.91 (IH, d, J=13 Hzs, H-I-3); 5.86 (IH, 
d, J=13 Hz, H-I-2); 6.20 (2H, s, H-I-6, 8); 6.30 (IH, 
s, H-II-6); 6.50 (IH, s, H-II-3); 6.60 (2H, d, J=8 Hs, H-II-
3', 5'); 6.98 (IH, d, J=8 Hz, H-I-5')-, 7.10-7.40 (4H, m, H-
1-2', 6'; H-II-2', 6'). 
Mass (EI-MS) of GNMe-1 
MS (rel. int.) : m/z 181 (3.0); 180 (2.0); 154 (100.0); 
138 (20.0). 
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g«-2 
It was crystallized as yellow pellets (1.5 g) from 
methanol, m.p. 300*^ C. 
u.v. ( Xn^j^, nm) of GN-2 
EtOH : 275, 288, 345 
Elemental analysis of GN-2 
Found: C, 60.06; H, 4.17 
Required for C30H20O^^ 2H2O: C, 60.80; H, 4.05 
Methylation of GN-2 
The GN-2 (300 mg) was methylated using dimethyl 
sulphate (1 ml) and anhydrous potassium carbonate (4 g) in 
dry acetone (400 ml). On usual workup and crystallization 
from CHCl3-MeOH, it gave white crystalline solid (195 mg), 
m.p. 213^C. 
i.r. of GNMe-2 
Nujol: Vmax ^^'^^' iSAS, 1620, 1580 and 1530 cm~^. 
X 
EtOH : 228, 274, 336 
u.v. (y^aax' ""^ ^^ GNMe-2 
Elemental analysis of GNMe-2 
Found: C, 66.40; H, 5.09 
Required for C37 H34 O-^ j^  : C, 67.90; H, 5.20 
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^H-n.m.r. (CDCI3, 100 MHz) of GNMe-2 
S 7.09 (2H, d, J - 9 Hz, H-I-2', 6'); 6.60 (2H, d, 
J - 9 Hz, H-I-3', 5'); 6.19 (IH, d, J = 3 Hz, H-I-8); 6.12 
(IH, d, J = 3 Hz, H-I-6); 6.36 (IH, s, H-II-6); 6.46 (IH, s, 
H-II-3); 7.40 (IH, q, J^  = 9 Hz, J2 = 3 Hz, H-II-6'); 7.15 
(IH, d, J = 3 Hz, H-II-2'); 6.80 (IH, d, J = 9 Hz, H-II-5'); 
5.60 (IH, d, J =: 12 Hz, H-I-2); 4.82 (IH, d, J = 12 Hz, 
H-I-3); 3.90 (3H, s, OMe); 3.88 (3H, s, OMe); 3.83 (3H, 
s, OMe); 3.81 (6H, s, 2 x OMe); 3.60 (6H, s, 2 x OMe). 
Mass (EI-MS) of GNMe-2 
MS (rel. int.) : m/s 654 (34); 547 (5); 474 (50); 311 (40); 
181 (84); 180 (15); 165 (22); 162 (12); 
152 (13); 137 (12); 121 (100). 
Acetylation of GN-2 
The GN-2 (130 mg), pyridine (1 ml) and acetic anhydride 
(1.5 ml) were refluxed on a water bath for 2 hrs. The 
reaction mixture was poured onto crushed ice and left 
overnight. The white solid was filtered, washed with water 
and dried, crystallized from chloroform-ethanol as 
colourless prism (95 mg), m.p.214°C. 
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%-n.ni.r. (CDCI3, 100 MHz) of GNAc-2 
S 7.53 (2H, d, J=9 Hz, H-I-2, 6); 6.99 (2H, d, J=9 Hz, 
H-I-3, 5); 6.79 (IH, s, H-II-6); 6.60 (IH, d, J=3 Hz, 
H-I-3'); 6.48 (IH, d, J=3 Hz, H-I-5'); 7.85 (IH, q, J^-9 Hz, 
J2=3 Hz, H-II-6'); 7.90 (IH, d, J=3 Hz, H-II-2'); 7.32 (IH, 
d, Jr9 Hz, H-II-5'); 6.62 (IH, s. H-II-3); 6.08 (IH, s, 
H-I- p ); 2.38 (3H, s, OAc); 2.31 (3H, s, OAc); 2.30 (3H, s, 
OAc); 2.28 (6H, s, 2 x OAc); 2.22 (6H, s, 2 x OAc); 1.92 
(3H. s, OAc). 
It was crys-tallized as amorphous yellow solid (1 g) 
from MeOH-benzene, m.p.225*^ C. 
I.R. of GN-3 
KBr: Vmax ^300 (OH) and 1650 cm"^ ( f l a v a n o n e C=0) . 
' ^ m a x ' 
EtOH : 292 , 329 
«-^- < Ani  ™*^  °* ^^~^ 
Methylation of GN-3 
The compound (250 mg), in dry acetone (300 ml) was 
refluxed with dimethyl sulphate (1 ml) and potassium 
carbonate (3 g) for 18 hrs. After usual workup, the solid 
obtained was crystallised from CHClo-MeOH as colourless 
cubes (200 mg), m.p. 238°C. 
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EtOH : 230, 285, 350 
^•^' ( '^max' "^^ ^^ GNMe-3 
%-n.m.r. (CDClg/CgDg, 100 MHa) of GNMe-3 
S 5.98 (IH. d, J=2 Hz, H-I-6); 6.07 (IH, d, J=2 Hz, 
H-I-8); 6.08 (IH, s, H-II-5'); 6.86-7.28 (5H, m, including a 
chalcone olefinic proton, H-I-2',6', H-II-2,6); 6.50 - 6.70 
(4H, m, including a chalcone olefinic proton, H-I-3',5', 
H-II-3, 5/H-II-5); 5.90 (IH, d, J=12 Hz. H-I-2); 4.64 (IH. 
d, J=12 Hz, H-I-3); 3.38 (6H, s, 2 xOMe); 3.53 (6H, s, 
2 X OMe); 3.46 (6H, s, 2 x OMe); 3.58 (6H, s, 2 x OMe). 
Mass (EX-MS) of 6NMe-3 
MS (rel. int.) : m/z 670 (32); 490 (48); 191 (10), 180 (18); 
121 (100). 
gH-4 
It was crystallized as yellow plates (900 mg) from 
MeOH, m.p. 302°C. 
Methylation of GN-4 
The compound (250 mg), anhydrous potassium carbonate 
(2.5 g) and dimethyl sulphate (1 ml) in dry acetone (300 ml) 
was refluxed on a water bath for 14 hrs. After usual workup, 
the solid obtained was crystallizefi from CHClg-MeOH as 
colourless cubes (105 mg); m.p. 250*^ C. 
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^H-n.m.r. (CDCI3, 100 MHs) of GNMe-4 
8 7.05 (2H, d, J = 9 Hz, H-I-2',6'); 6.56 (2H, d, J=9 H25, 
H-I-3',5'); 7.60 (2H, d, J=9 Hz, H-rr-2', 6'); 6.60 (2H, d, 
J=9 Hz, H-II-3',5'); 6.10 (IH, d, J=2 Hz, H-I-6); 6.30 (IH, 
d, J=2 Hz, H-I-8); 6.18 (IH, s, H-II-6); 6.41 (IH, s, H-II-
3); 5.70 (IH, d, J=12 Hz,H-I-2); 4.80 (IH, d, J=12 Hz, H-I-
3); 3.88 (3H, s, OMe). 3.86 (3H, s, OMe); 3.83 (6H, s, 2 x 
OMe); 3.80 (3H, s, OMe); 3.60 (3H, s, OMe). 
Mass (EI-MS) of GNMe-4 
MS (rel- int.) : m/z 624 (38); 517 (5); 444 (50); 415 (15); 
311 (40); 195 (92); 181 (84); 180 (15); 154 
(36); 152 (13); 137 (12); 135 (22); 132 
(12); 121 (100). 
Acetylatidn of GN-4 
The GN-4 (100 mg), pyridine (1 ml) and acetic anhydride 
(1.5 ml) wee refluxed on a water bath for 2 hrs. The 
reaction mixture was cooled to room temperature and poured 
onto crushed ice. The solid was filtered, washed with water 
and dried. On crystallization from CHCl3-MeOH, it gave 
colourless needles (65 mg), m.p. 207*^C. 
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^H-n.m.r. (CDCI3, 100 MHz) o f GNAc-4 
6 7 . 5 0 (2H, d, J=9 Hz, H - I - 2 , 6 ) ; 6 .96 (2H» d, J=9 Hz, 
H - I - 3 , 5 ) ; 7 .96 (2H, d, J = 9 H 2 , H - I I - 2 ' , 6 ' ) ; 7 .16 (2H, d, 
J=9 Hz, H - I I - 3 ' , 5 ' ) ; 6 .56 ( IH. d, J=2 Hz, H - I - 3 ' ) ; 6 . 44 ( IH, 
d, J=2 Hz, H - I - 5 ' ) ; 6 .73 (2H, s , H - r r - 6 , . H - r i - 3 ) ; 6 . 04 (IH, 
5 , H - I - p ) ; 2 .34 (3H, s , OAc); 2 . 2 8 (3H, s , OAc); 2 .24 (6H, 
s , 2 X OAc); 2 .18 (6H, s , 2 x OAc); 1.89 (3H, s , OAc). 
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Extraction of the leaves of Calophyllum touentosum T. 
Anders, Guttiferae 
Dried and powdered leaves (1 Kg) of csJophylJum 
to»e^nt0sum were completely exhausted with methanol several 
times. The combined methanol extracts were concentrated 
first at atmospheric pressure and then under reduced 
pressure. A dark green gummy mass obtained was refluxed with 
petroleum ether (60-80^C), chloroform, ethyl acetate and 
methanol successively till the solvent in each case was 
almost colourless. 
The petroleum ether fraction was concentrated to small 
volume, a small amount of chloroform was added and left in a 
refrigerator. After few days a light yellowish powder 
settled down in the flask. It was filtered, washed with 
hexane and dried. On TLC examination over silica gel plates 
in the following solvent systems: 
(i) petroleum ether - benzene (8:2) 
(ii) petroleum ether - chloroform - acetic acid (9:1:1) 
(iii) chloroform - hexane (1:2) 
it was found to be a single spot and labelled as CT-1. 
CT-l 
It was crystallized as pale yellow needles from 
chloroform - petroleum ether mixture, m.p., 116-119*^0 
(100 mg). 
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i.r. of CT-1 
KBr • . ^ ) max 3390, 1635, 1620, 1590, 1450, 1400, 1375, 1360. 
1290, 1230, 1190, 1010, 900, 840, 755 and 700 cm ^  
(X 
max u.v. 
MeOH 
+AICI3 
+AICI3/HCI 
+NaOAc 
+NaOAc/H3B03 
+H3BO3 
) of CT-1 
203.6, 271.2, 361.2 
203.6, 271.2, 362.0 
203.6, 225.2, 264.0, 360.0 
209.2, 264.0, 357.6 
209.0, 263.6, 356.0 
203.2, 270.8, 361.2 
^-n.m.r. (CDCI3, 400 MHz) of CT-1 
S 1.14 and 1.18 (3H each, s, 2 x CH3 of chromene); 1.25 
and 1.58 (3 H each, d, J=6.0 Hz, 2 x CH3 of chromanone); 
2.60 (IH, m, H-2'); 4.23 (IH, m. H-3'); 5.28 and 5.86 (IH 
each, d, J=3.0 Hz, 2 x H-ethylene); 5.44 (IH, d, J=10.0 Hz, 
H-3); 6.58 (IH, d. J=10.0 Hz, H-4); 7.25 (3H, m, H-Ar); 7.35 
(2H, d, J=7.5 Hz, H-Ar); 12.58 (IH, s, phenolic hydroxy1). 
Mass {EI-MS) of CT-1 
MS (rel. int.) : m/z 376 (9); 375 (34); 361 (25); 360 (100); 
305 (4); 304 (19); 161 (6); 58 (10) and 43 
(50). 
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Acetylation of CT-1 
CT-1 (30 mg), pyridine (1 ml) and acetic anhydride 
(1 ml) were heated on a water bath for 3 hrs. On usual 
workup and crystallization from methanol, it gave colourless 
needles, m.p. 94-95°C. 
^e-n.m.r. (CDCI3, 60 MHz) of CTAc-1 
S 1.45 and 1.55 (3H each, s, 2 x CH3 of chromene); 
1.09 and 1.20 (3H each, d, 3-6.0 Hz, 2 x CH3 of chromanone); 
2.31 - 2.63 (IH, m, H-2');4.11 - 4.41 (IH, m, H-3'); 5.20 
and 5.71 (IH each, d, J=3.0 Hz, 2 x H-ethylene); 5.46 (IH, 
d, J=10.0 Hz, H-3); 6.56 (IH, d, J=10.0 Hz, H-4); 7.30 (5H, 
m, H-Ar); 2.16 (3H, s, OAc). 
TLC examination of the ethyl acetate and acetone 
extracts in BPF revealed the presence of only one major 
compound in both fractions having the same Rf value. The two 
extracts were, therefore, mixed together and concentrated 
under vacuum over a water bath. The green viscous residue 
was purified by column chromatography over silica gel column 
using petroleum ether, benzene and finally ethyl acetate as 
eluting solvents. Petroleum ether and benzene fractions on 
concentration gave green oily substances which was not 
further examined. The ethyl acetate fraction gave positive 
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colour test for flavonoids. On concentration it yielded a 
yellow powdery substance labelled as CT-2. The homogeneity 
of the substance was checked by TLC examination in the 
following solvent system -
(i) benzene - pyridine - formic acid (36:9:5) 
(ii) toluene - ethyl formate - formic acid (5:4:1) 
(iii) toluene - pyridine - acetic acid (10:1:1) 
CT-2 
It was crystallized as yellow microscopic needles from 
methanol, m.p. 253-255°C (500 mg). 
Methylation of CT-2 
CT-2 (100 mg) was methylated using dimethyl sulphate 
(1 ml) and anhydrous potassium carbonate (2 gm) in dry 
acetone (100 gm). On usual workup and crystallization from 
CHClg-MeOH, it gave white shining needles, m.p. 226-227°C. 
^B-n.m.r. (CDCI3, 60 MHz) of CTMe-2 
S 6.46 (IH, d, J=2.5 Hz, H-I-8); 6.32 (IH, d, J=2.5 Hz, 
H-I-6); 6.63 (IH, s, H-II-6); 6.50, 6.57 (IH each, s, H-I-3, 
II-3); 7.94 (IH, q, J^=9.0Hz, J2=3 Hz, H-I-6'); 7.85 (IH, 
d, J=2.5 Hz. H-I-2'); 7.10 (IH, d, J=9.0 Hz, H-I-5')-, 7.38 
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(2H, d, J=9.0 Hz, H-II-2',6'); 6.73 (2H, d, J=9.0 Hz, H-II-
3',5'); 3.92, 4.05 (3Heach, a, OMe-I-5, II-5); 3.90, 3.82 
{3H each, s, OMe-I-7, II-7); 3.76, 3.72 (3H each, a, OMe-I-
4', II-4'). 
Mass (EI-MS) of CTMe-2 
MS (rel. int.) : m/z 622 (100); 621 (33); 592 (8); 576 
(10); 312 (2); 311 (5); 245 (5); 181 
(2); 180 (3); 135 (16) and 132 (3). 
Acetylation of CT-2 
CT-2 (100 mg) was heated with pyridine (1 ml) and 
acetic anhydride (2 ml) on a water bath for 2 hrs. It was 
then cooled to room temperature and poured onto crushed ice. 
The separated solid was filtered, washed with water and 
dried. It was crystallized from CHCl3-MeOH as colourless 
needles, m.p. 240-242°C. 
^H-n.m.r. (CDCI3, 100 MHz) of CTAc-2 
S 7.26 (IH, d, J=3 Hz, H-I-8); 6.84 (IH, d, J=3 Hz, 
H-I-6); 7.01 (IH, s, H-II-6); 7.98 (IH. q, J-^-Q Hz, 
J2=3 Hz, H-I-6'); 8.03 (IH, d, J=3 Hz, H-I-2'); 7.46 (IH, 
d, J=9 Hs, H-I-5'); 7.06 (2H, d, J=9 Hz, H-II-3',5'); 6.68, 
6.65 (2H, s, H-I-3, II-3 ); 2.28, 2.23 (3H each, s, OAc-I-
4', II-4'); 2.0b, 2.01 (3H each, s, OAc-I-7, II-7); 2.45, 
2.41 (3H each, s, OAc-I-5, II-5). 
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Extraction of flavonolds from the leaves of Buchanania 
lanzari (Spreng) (Anacardiaceae) 
Well dried, powdered leaves (2 kg) of Buchanania laman 
were exhaustively extracted (4 times) by refluxing with 
methanol. The methanolic extracts were combined together and 
distilled under reduced pressure when a greenish syrupy mass 
was obtained. This residue was extracted successively with 
petroleum ether (60-80*^0), benzene, acetone and methanol. 
The petrol and benzene concentrates showed the absence of 
flavonoids, was treated with hot water and filtered. The 
insoluble residue gave positive Liebermann - Burchard test 
for triterpenes and was marked as fraction R. 
The acetone and methanolic concentrates on TLC 
examination over silica gel plates using the following 
solvent systems: 
(i) benzene - pyridine - formic acid (BPF, 36:9:5) 
(ii) toluene - ethyl formate - formic acid (TEF, 5:4:1) 
(iii) chloroform - methanol - water (CNW, 35:13.8:10.8) 
(iv) ethyl acetate - ethyl methyl ketone - acetic acid 
water (EA.EMK.ACOH.W, 5:3:1:1) 
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showed a number of compounds with the same Rf values in 
varying concentrations. The two extracts were, therefore, 
mixed together. The combined material (20 g) was subjected 
to column chromatography over silica gel. 
Purification of flavonoidic mixture - column chromatography 
A well stirred suspension of silica gel (150 g) in dry 
petroleum ether (40-60^ -'C) was poured into column (150 cm 
long and 80 mm diameter), when the adsorbent was settled the 
excess petroleum ether was allowed to pass through the 
column. The dark brown solid (20 g), adsorbed on silica gel 
was added to column. The column was eluted successively 
with: 
(a) petroleum ether (60-80°C) (fraction A) 
(b) benzene (fraction B) 
(c) benzene-ethyl acetate (4:1, 1:1, 1:4) (fraction Cj, 
^2' ^ 3^ 
(d) ethyl acetate (fraction D) 
(e) acetone (fraction E) 
The last five fractions (C^ ,^ C2, C3, D and E) gave 
positive usual colour test for flavonoids. 
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Separa-tlon of f lavonoidic mixture - -thin layer chromato-
graphy 
Fraction C-^ and C2 on TLC examination in BPF showed 
three spots with ho deposition at base. They were combined 
and separated by preparative TLC using BPF (36:9:5) as 
solvent system. The three zones on TLC plates were carefully 
marked under u.v. light as BL-1, BL-2 and BL-3. They were 
scrapped by means of a nickel spatula and collected in three 
columns. 
BI>-1 
BL-1 was eluted with dry acetone. The solvent was 
distilled off to give an oily liquid, which on addition of 
water yielded yellow precipitate. It was crystallized from 
methanol as minute yellow shining needles (150 mg), m.p. 
313-314^C. 
u.v- i^nax.^ ""^ °* BL-1 
MeOH 
+NaOMe 
+AICI3 
+AICI3/HCI 
+NaOAc 
+NaOAc/ HoBOo 
: 256, 270 sh, 372 
247 sh, 321 
: 271, 303 sh, 332, 
266, 358, 429 
: 257 ah, 274, 329, 
: 262, 304 sh, 387 
457 
390 
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Elemen-tal analysis of BL-1 
Required for C^^U^gPrj : C, 59.60; H, 3.31 
Found : C, 59.10; H, 3.29 
Acetylation of BL-1 
The crys-talline compound BL-1 (70 mg), pyridine (2 ml) 
and acetic anhydride (4 ml) were heated on a water bath for 
2 hrs. The mixture was left overnight. On usual workup and 
crystallization from chloroform - methanol, it gave 
colourless needles, m.p. 193-194°C. 
Elemental analysis of BLAc-1 
Required for C25H20Oj^2 ' C' 58.59; H, 3.90 
Found : C, 57.98; H, 3.85 
Hethylation of BL-1 
The compound (60 mg) in dry acetone (100 ml) was 
refluxed with dimethyl sulphate (1 ml) and freshly ignited 
potassium carbonate (1.5 gm) for 24 hrs. After usual workup, 
the solid obtained was crystallized from ethyl acetate as 
colourless needles, m.p. 152°C. 
Elemental analysis of BLMe-1 
Required for C20H20O7 ; C, 64.51; H, 5.41 
Found : C, 64.42; H, 5.87 
142 
Bki2 
It was eluted with methanol and crystallized from 
me thanol - water, m.p.250*^ C. 
BL-3 
It was eluted with dry acetone. On crystallization from 
pyridine, it gave light yellow needles, m.p. 276-278°C. 
(A„»^ , u.v. ^3t nm) of BL-3 
MeOH : 254, 266, 367 
+AICI3 : 260 sh, 268, 425 
+AICI3/HCI : 258 sh, 267, 423 
+NaOAc : 276 sh, 306, 388 
+NaOAc/H3B03 : 268, 322 sh, 374 
Acetylation of BL-3 
The crystalline compound BL-3 (50 mg), pyridine (2 ml) 
and acetic anhydride (4 ml) were heated on a water bath for 
5 hrs. The mixture was left overnight. On usual workup and 
crystallisation from chloroform - methanol, it gave 
colourless needles, m.p. 180-182'^ C. 
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Fraction C3 
Fraction C3 was rechrotnato graphed over ailica gel 
column. The solid obtained from benzene - ethyl acetate 
eluate (8:2) was marked as BLG-1. 
BLG-1 
Crystallized from methanol - benzene as yellow cubes 
(60 mg), m.p. 228°C. 
•^V. (A„„v. niax- °»> <>* BLG-1 
MeOH : 241 sh, 266, 325 sh, 368 
+AICI3 243 sh, 268, 326 sh, 426 
+AICI3/HCI : 242, 267, 318 sh, 424 
+NaOAc : 242, 264, 322, 382 
+-NaOAc/H3B03 : 244 sh, 265, 324 sh, 369 
Hydrolysis of BLG-1 
BLG-1 (20 mg) was dissolved in 10% solution of HCl 
(60 ml) and heated over a water bath for 3 hrs. The cooled 
solution was extracted with ethyl acetate. Evaporation of 
the ethyl acetate layer gave a yellow solid BLG-IH, m.p. 
276-278^C. It showed no depression in melting point on 
admixture with an authentic sample of kaempferol. Its 
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identity as kaempferol was further confirmed by co-
chromatography, colour reaction and u.v. spectral data. 
:X. U.v. i^jo&Ti' ""^ °* BLG-IH 
MeOH : 254, 266, 367 
+AICI3 260 sh, 268, 425 
+AICI3/HCI : 258 sh, 267, 423 
+NaOAc : 276, 306, 388 
+NaOAc/H3B03 : 268, 322 sh, 374 
Chroma'tographic identification of sugars 
The filtrate from which the aglycone was removed, was 
concentrated to a syrup in vacuum. The concentration was 
continued till the syrup was neutral to litmus paper. The 
sugar was identified chromatographically in two solvent 
systems, n-butanol:acetic acid:water (40:10:50) and 
n-butanol:water:ethanol (60:28.5:16.5) using authentic 
sugars as checks. Aniline pthalate and p. anisidine 
phosphate solutions were used as spray reagents. The Rf 
value of the sugar was identical with that of glucose 
(Rf values, 0.18; 0.105). 
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The quantitative estimation of sugar by Somogyi's 
copper micro method gave the value (0.44 ml) which 
corresponded to 1 mole of sugar per mole of aglycone. 
Location of the sugar position 
A suspension of finely powdered glycoside (35 mg) in 
anhydrous acetone (25 ml) with an excess of methyl sulphate 
(0.3 ml) and ignited potassium carbonate (1 gm) for 48 hrs. 
with frequent shaking. On usual workup a light yellow solid 
was obtained which could not be crystallized. It was 
directly hydrolysed by refluxing with 7% aq. H2SO4 and the 
reaction mixture was cooled in a ice bath when a cream 
coloured solid separated out. It was crystallized from 
methanol as very light yellow needles, m.p. 155^C for 
3,5,4'-trimethoxy kaempferol. 
Fraction D 
Fraction D (1.2 g) was rechromatographed over silica 
gel column. The two compounds eluted from column with 
benzene-ethyl acetate mixture (3:1) and (1:4), respectively, 
were marked as BLG-2 (100 mg) and BLG-3 (150 mg). 
BLG-2 could not be induced to crystallize, m.p. crude 
272^C. 
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MeOH 
••-NaOMe 
+AICI3 
+AICI3/HCI 
+NaOAc 
+NaOAc/H3B03 
nm) of BLG-2 
255, 269 sh, 372 
241 sh, 290, 365, 453 
259 sh, 273, 457 
268, 303 sh, 426 
286, 378, 428 sh 
261, 289 sh, 386 
EEydrolyais of BLG-2 
An alcoholic solution of BLG-2 (10 mg) was hydrolysed 
with 8% aq. HCl which gave an aglycone, m.p. SIS^ 'C and ,a 
sugar. Aglycone was identified as quercetin by direct 
comparison with authentic specimen. The sugar was identified 
as rhamnose (Rf 0.36) by co-paper chromatography using ethyl 
acetate:pyridine*.water (12:5:4) as solvent system. 
Location of the sugar position of the glycoside 
A suspension of finely powdered glycoside (50 mg) was 
methylated as described earlier. On usual workup a light 
brown solid was obtained, which could not be crystallized. 
It was directly hydrolysed by refluxing with 7% aq. H2SO4 
for 2 hrs and the reaction mixture was cooled in an ice bath 
when a straw coloured solid separated out. It was 
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filtered, washed from ethanol, it gave straw coloured 
needles, m.p. 284°C for 3', 4', 3 , 5-tetrcunethyl quercetin. A 
mixture of this ether with 3',4',3,5-tetramethyl quercetin 
showed no depression in melting point. 
Elemental emalysis of 3',4',3,5—tetramethyl querce-bin 
Required for Cj^ gHj^ gOy : C, 63.68; H, 5.02 
Found : C, 63.59; H, 4.91 
BL(3-3 
Crystallized as yellow needle shaped clusters from 
acetone - methanol, m.p. 182-184^C. 
U-V. (X max , nm) of BLG-3 
MeOH 
+NaOMe 
+AICI3 
+AICI3/HCI 
+NaOAc 
+NaOAc/H3B03 
255.5, 351.5 
270.0 .sh, 378.0, 395.0 
273.0 sh, 332.0, 431.7 
269.2, 397.5 
270.0, 369.9 
259.3, 369.7 
Acetylation of BLG-3 
BLG-3 (60 mg) was acetylated by heating with acetic 
anhydride and pyridine on a water bath for 2 hrs. On usual 
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workup and crystallization from ethanol it gave colourless 
needles, m.p. 153*^ C. 
^H-n.m.r. (CDCI3, 60 MHz) of BLGAc-3 
S 6.85 (IH, d. J=2.5 Hz, H-6); 7.32 (IH, d, J=2.5 Hz, 
H-8); 7.48 (IH, d, J-2.0 Hz, H-2'); 7.81 (IH, d, J=2.0 Hz, 
H-6'); 5.65 (IH, d. J=7.0 Hz, H-1" galactosyl); 4.95 - 5.49 
(6H, m, H-2", 3", 4" galactosyl, H-2'", 3"', 4"' rhamnosyl); 
4.68 (IH, d, J=2,0 Hz, H-l" rhanmosyl); 3.60 - 4.40 (4H, m, 
H-5", 6" galactosyl, H-5" rhamnosyl); 2.25 - 2.49 (12H, four 
phenolic acetoxyls); 1.98 - 2.25 (21H, seven alcoholic 
acetoxyls); 0.91 (3H,d, J=6.0 Hz, rhamnosyl methyl). 
Hydrolysis of the glycoside BLG-3 
The glycoside BLG-3 (10 mg) was hydrolysed by heating 
with 8% aq. HCl, on a water bath. The heating was continued 
for 2 hrs. to ensure complete hydrolysis. The cooled 
solution was extracted with ethyl acetate to separate the 
aglycone. Evaporation of the ethyl acetate layer gave a 
yellow solid BLG-3H, m.p. 358^0. It showed no depression in 
melting point on admixture with an authentic sample of 
myricetin. Its identity as myricetin was further confirmed 
by co-chromatography, colour reactions and u.v. spectral 
data. 
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"-^- ^'max (A___, nm) of BLG-3H 
MeOH 
+NaOMe 
+AICI3 
+AICI3/HCI 
+NaOAc 
+NaOAc/H3B03 
254, 272 sh, 
: 285 sh, 320, 
: 271, 315 sh, 
: 266, 275 sh, 
: 269, 335 
256, 304 sh, 
374 
422 
449 
360 sh. 
392 
428 
Chromatographic identification of sugar 
The acidic filtrate left after extraction of the 
aglycone was concentrated to a syrup in vacuum over NaOH 
pellets. It was chromatographed on Vfliatmann No.3 filter 
sheets using n-butanol:acetic acid:water (40:10:50) as 
solvent mixture, employing the descending technique. 
Authentic sugars were used as checks. The chromatogrsun 
showed the presence of D-galactose (Rf 0.53) and L-rhamnose 
(Rf 0.36) by comparison with authentic sugars (Rf, shade and 
Co-PC). 
Fraction E 
Chromatographic examination of fraction E on paper and 
TLC plates coated with silica gel and polyamide in different 
solvent systems showed two overlapping brown spots. Repeated 
column chromatography failed to separate them. The fraction 
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dissolved in ethanol was left in a refrigerator. After ten 
days a yellow solid separated out. It was filtered, washed 
with acetone and dried (600 mg). On several crystallizations 
from acetone - methanol mixture, it gave yellow granules, 
m.p. 192*^ C. It was labelled as BLG-4. 
Crystallized as small yellow granules from acetone 
methanol mixture, m.p. 191-192*^0, 
u.v. ( Ajug^^, nm) of BLG-4 
MeOH : 259.5, 266.0 sh, 359.0 
+AICI3 : 274.0, 422.0 
+AICI3/HCI -. 271.0, 300.0, 402.0 
+NaOAc : 272.0, 393.0 
+NaOAc/H3B03 : 262.0, 386.0 
Acetylation of BLG-4 
BLG-4 (80 mg) was acetylated by heating with acetic 
anhydride and pyridine, which after usual workup was 
crystallized from chloroform - methanol, m.p. 135^0. 
%-n.m.r. (GDCI3. 60 MHa) of BLfiAc-4 
S 6.81 (IH, d, J=2.5 Hz, H-6); 7.32 (IH, d, J=2.5 Hz, 
H-8); 7.38 (IH, d, J=9.0 Hz, H-5'); 7.95 - 8.02 (2H, m,H-2' 
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6'); 5.35 (IH, d, J=7.0 Hz, H-1" glucosyl); 5.05 - 5.30 (6H, 
m, H-2", 3", 4" glucosyl, H-2"', 3"', 4"' rhamnosyl); 4.52 
(IH, d, J=2.0 Hz, H-l" rhamnosyl); 3.35 - 3.60 (4H. m, 
H-5", 6" glucosyl, H-5" rhamnosyl); 2.30 - 2.45 (12H, four 
phenolic acetoxyls); 1.92 - 2.15 (18H, six alcoholic 
acetoxyls); 0.91 (3H, m, rhamnosyl methyl). 
Hydrolysis of BLG-4 
The glycoside, BLG-4 (200 mg) was hydrolysed by heating 
with 125 ml of 0.6 N HCl, on a water bath. The heating was 
continued for 2 hrs. to ensure complete hydrolysis. After 
leaving overnight, the yellow aglycone BLG-4H, thus 
separated out was filtered, washed well with water and 
dried. The crude product crystallized from methanol as 
yellow needles, m.p. 312-314*^0. It showed no depression in 
melting point on admixture with an authentic sample of 
quercetin. Its identity as quercetin was further confirmed 
by co-chromatography, u.v. (as given earlier an acetylation. 
It gave a penta acetate of quercetin, m.p. 195-196*'C. 
H-n.m.r. (CDCI3, 60 MHz) of penta acetate of quercetin 
,S 6.60 (IH, d, J=2.5 Hz, H-6), 6.85 (IH, d, J=2.5 Hz, 
H-8); 7.41 (IH, q, H-5'); 7.75 (2H, s, H-2', 6'); 2.49-2.23 
(15H, broad peak, 5 x OAc). 
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Chromatographic iden-bifica-bion of sugar 
The acidic filtrate left after filtering the aglycone 
was extracted with ether and ethyl acetate to ensure the 
complete removal of any residual aglycone. The solution was 
heated for 2-3 minutes with a pinch of charcoal at 40-50^C 
on a water bath to remove the colouring matter. The clear 
filtrate obtained was concentrated to a syrup in vacuum over 
NaOH pellets. The syrup was chromatographed on Whatmann-No.3 
filter paper using n-butanol : acetic acid: water (40:10:50) 
as solvent mixture, employing the descending technique. 
The chromatograms on development showed the presence of 
D-glucose (Rf 0.18) and L-rhamnose (Rf 0.36) by comparison 
with authentic sugars (Rf shade and Co-PC). 
Partial hydrolysis of BLG-4 
The glycoside (50 mg) was hydrolysed by refluxing with 
1% H2SO4. After 1 hour, it yielded a glycosidic compound 
marked as BLG-4g and a sugar, L-rhamnose (identified by PC). 
BlG-4g was purified by passing through a column of silica 
gel. On crystallization from methanol it gave yellow needles 
(20 mg), m.p. 235-237'^C, u.v. spectral shifts data were same 
as for BLG-4. 
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Acid hydrolysis of BLG-4g 
BLG-4g (10 mg) on hydrolysis with 8% HCl yielded an 
aglycone identical with BLG-4H in all aspects and a sugar. 
The sugar was identified as glucose by co-paper 
chromatography. 
Permethylation of BLG-4 by Hakomori's method 
NaH (500 Hg) was stirred with DMSO (30 ml) at 80®C for 
30 minutes under nitrogen gas. To this reagent, solution of 
the glycoside (100 mg) in DMSO (20 ml) was added and the 
reaction mixture was stirred for 1 hr at room temperature 
under nitrogen gas. CH3I (10 ml) was added and the reaction 
mixture was stirred for 4 hrs, at room temperature. The 
mixture was poured into ice water and extracted with ethyl 
acetate, washed with water, dried over MgSO^ and evaporated 
under reduced pressure to give an oily product. This oil was 
subjected to PLC using benzene - acetone (4:1) the 
developing solvent system to afford the permethylated 
glycoside (BLG-4 pm). 
Hydrolysis of permethylated glycoside 
Permethylated glycoside (60 mg) was heated with AcOH: 
HCl: water (7:3:10) and worked up as described earlier. The 
partial Tftethyl ether obtained was crystallised from 
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chloroform - methanol as light yellow needles (40 mg), m.p. 
195-196°C. It was identified as 3',4',5,7-tetramethyl ether 
quercetin by m.p., co-chromatography with an authentic 
sample and u.v. spectral studies. 
u.Y. ( A max* "^""^  '^^ quercetin-3',4',5,7-tetra methyl 
ether quercetin 
MeOH : 251, 260 
+AICI3 : 261, 421 
+AICI3/HCI : 259, 419 
•»-NaOAc : 252, 362 
•»-NaOAc/H3B03 : 250, 361 
Fraction R 
The residue R (15 gms) was extracted several times with 
hot water in order to remove the water soluble compounds 
from it. The residue (6 gms) was hydrolysed by Killiani's 
mixture (glacial acetic acid:conc. HCl;water, 7:2:11) in a 
300 ml round bottom flask containing 90 ml of the above 
heated on a boiling water bath for 4 hrs. After completion 
of the hydrolysis the reaction mixture was diluted with 
water and a precipitate which separated out was filtered, 
washed with water and dried. 
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Acetylation of the hydrolysed product 
The hydrolysed product (3 gms) was dissolved in 
pyridine (12 ml) and acetic anhydride (6 ml) was left 
overnight at the room temperature and then poured dropwise 
in cold water. A precipitate obtained was fractionally 
crystallised several times from methanol to give the 
following two compounds marked as MIAc-l,m.p. 258-260^0 and 
MIAc-2, m.p. 285-286*^0. 
MIAc-1 
There was no depression in melting point when mixed 
with an authentic sample of oleanolic acid acetate 
m. m. p. 258-260°C. 
i-r. of MIAc-1 
Nujol : V max ^"^24, 1886 and 1250 cm"^ 
%-n.m.r. (CDCI3, 60 MHz) of MIAc-1 
S 0.75 (3H, s, methyl); 0.85 (6H, s, 2 x methyl); 0.94 
(9H, s, 3 X methyl); 1.12 (3H, s, methyl); 2.02 (3H, s, 
acetyl); 4.50 (IH, m, H-oC -acetoxyl); 5.25 (m, H-olefinic). 
Methyl ester of MIAc-1 
The acetate (300 mg) was dissolved in ether and treated 
with an excess of ethereal solution of diazomethane. After 
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leaving the contents at room temperature overnight, the 
ether was evaporated and the product crystallized from 
methanol containing a few drops of chloroform, as colourless 
shining plates, m. p. 220-221'^ C. 
^H-n.m.r. (CDCI3, 60 MHz) of MIAc-1 methyl ester 
S 0.70 (3H, s, methyl); 0.84 (6H, s, 2 x methyl); 0.86 
(3H, s, methyl); 0.90 (6H, s, 2 x methyl); 1.10 (3H, s, 
methyl); 3.58 (3H, s, methyl ester); 4.50 (IH, m, H-oC " 
acetoxyl); 5.30 (m, H-olefintc). 
Deacetylation of MIAc-1 
The acetate m.p. 258-260°C {200 mg) was refluxed for 
2 hrs. with methanolic potassium hydroxide (75 ml, 5%) and 
allowed to cool. It was diluted with water (400 ml) and then 
acidified with hydrochloric acid where upon it yielded a 
colourless precipitate which was filtered and washed with 
water. On crystallization from methanol it gave crystals, 
m.p.299-300^C, m.m.p. with oleanolic acid 298-300*^ 0. 
MIAc-2 
It showed no depression in melting point on admixture 
with an authentic sample of ursolic acid acetate, m.m.p. 
285-287°C. 
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i.r. of MIAc~2 
Nujol : y ^^^ 1724, 1706 and 1265 cm'^. 
^H-n.m.r. (CDCI3, ^^ '®^> ^^ MIAc-2 
o 0.80 (3H, s, methyl); 0.90 (6H, s, 2 x methyl); 0.92 
(3H, s, methyl); 1.00 (6H, s, 2 x methyl); 1.10 (3H, s, 
methyl); 2.10 (3H, .g, acetoxyl); 4.46 (IH, t, H-oC -
acetoxyl); 5.26 (m, H-olef irtic). 
Mass (KI-MS) of MIAc-1 
MS : m/2 498 (M"^ ) , 438, 249, 248, 203, 189. 
Methyl eater of MIAc-2 
It was obtained by methylating it with diazomethane. 
Usual workup and crystallization from methanol gave a 
colourless compound, m.p. 236-237*^0. (m.m.p. with acetyl 
methyl ursolate 235-236'^C. 
^H-n.m.r. (CDCI3, 60 MHs) of MIAc-2 methyl ester 
S 0.78 (3H. s, methyl); 0.90 (6H, s, 2 x methyl); 0.92 
(3H, s, methyl); 0.98 (3H, s, methyl); 2.09 (3H, s, 
acetoxyl); 3.65 (3H, s, methyl ester); 4.46 (IH, t, H-(?C -
acetoxyl); 5.28 (m, H-olefinic). 
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Mass (EI-MS) of methyl ester of MIAc-2 
MS m/z 512 (M"*"), 452, 262, 249, 203, 189. 
Deacetylation of MIAc-2 
The acetate m.p.285-286°C (50 mg) was deacetylated as 
given above. Usual workup and crystallization from methanol 
gave the genin, m.p. 268-270^0. 
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